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1540  N.  State,  10-D 
Chicago,  IL  60610 
June  17,  1977 


Mr.  Irwin  Classman, 

Director 

Installation  Restoration 
Rocky  Mountain  Arsenal 
Denver,  Colorado  80240 

Dear  Mr.  Classman: 

In  accordance  with  the  agreement  between  Rocky  Mountain  Arsenal 
and  Patterson  Associates,  Inc.,  we  transmit  herewith  our  final 
report  on  Methodology  for  the  Validation  of  Collection,  Handling 
and  Preservation  of  Water  and  Soil  Samples.  As  you  are  aware, 
this  report  has  been  delayed  sixty  days  beyond  the  original  date 
of  submittal  in  order  to  provide  maximum  opportiinity  for  inter¬ 
action  between  MALD  and  our  staff,  thus  allowing  the  report  to 
incorporate  final  recommendations  based  upon  the  most  recent 
results  of  MALD  in  assessing  methodologies  of  concern  in  the 
IR  Interim  Ceohydro logical  Pilot  Program. 

In  preparation  for  this  project  and  during  its  course,  five 
joint  meetings  were  held  between  representatives  of  RMA  and 
Patterson  Associates,  for  project  planning  and  coordination. 

In  addition,  there  was  one  meeting  held  with  the  Analytical 
Systems  Committee  (3  March  1977) .  These  meetings  are  listed 
below : 


Date 

Location 

Represented 

12  December  1976 

Chicago 

IR-MALD , 

PAI 

19-20  February  1977 

RMA 

Edgewood , 

IR,  PAI 

2-3  March  1977 

RMA 

Edgewood , 

IR,  PAI 

3  March  1977 

RMA 

ASC,  PAI 

29  April  1977 

RMA 

Edgewood , 

IR,  PAI 

27  May  1977 

Chicago 

Edgewood , 

IR-MALD 

These  meetings  were  invaluable  in  allowing  proper  planning  and 
liaison  in  support  of  the  project  goals. 
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Mr.  Irwin  Classman 
Rocky  Mountain  Arsenal 


The  project  has  been  dynamic  in  nature,  evolving  as  necessary 
to  meet  the  demands  and  capabilities  of  the  Material  Analysis 
Laboratory  Division,  and  the  requirements  of  the  Interim 
Geohydrological  Pilot  Program.  As  a  result  of  this  evolution, 
various  recommendations  svibmitted  during  the  project  were 
modified  at  the  discretion  of  MALD,  and  the  results  of  those 
modified  procedures  are  incorporated  into  and  discussed  in 
this  report. 

Sections  III.C  and  IV.B  of  this  report  contain  our  final 
recommendations,  based  upon  our  experience  with  and  assessment 
of  MALD  efforts  since  project  initiation.  These  recommenda¬ 
tions  are  presented  and  discussed  in  the  cited  report  sections. 
However,  I  wish  to  particularly  call  yoxir  attention  to 
Recommendation  No.  3,  page  31.  As  documented  in  the  report, 
it  is  our  recommendation  that  until  such  time  as  adeqtuate 
methodology  has  been  developed  under  the  auspices  of  the 
Analytical  Systems  Committee,  or  developed  by  MALD  with  the 
concurrence  of  ASC,  soil  analyses  for  DCPD  should  not  be 
conducted.  Further  (see  page  32),  due  to  uncertainties 
associated  with  soil  core  storage,  we  strongly  urge  that  all 
soil  samples  be  immediately  extracted.  As  noted  in  oxir  re¬ 
port  this  requires  that  the  rate  of  drilling  be  closely 
coordinated  with  MALD  extraction  activities. 


Cordially  yours. 


James  K.  Patterson,  Ph.D. 


JNP:mk 
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I.  IKTRODUCTIOK 


X.  During  rV77  the  DECON  TECH,  Task  of  the  IR  pxogran  focused  on 
development  of  a  pilot  system  to  contain  and  treat  contaminated  ground 
waters  crossing  the  north  boundary  of  Rocky  Mountain  Arsenal.  The  final  ^ 
design  for  this  pilot  has  been  developed  and  the  system  should  become 
operational  in  xidd-ry78.  The  data  from  this  pilot  will  be  used  to 
develop  a  final  treatment  system.  Program  emphasis  in  late  FY??  turned 
to  development  of  mechanisms  to  eliminate  or  contain  the  pollution 
sources  at  RMA.  ®iis  work  will  increase  in  rY76.  The  boundary  work 

t 

is  not  being  discontinued  but  rather  it  is  being  complimented  by  the 
pollution  source  control  work.  Without  control  of  pollution  sources, 
the  boxindary  system  would  have  to  operate  for  an  extended  period  of  time. 

B.  xniring  FV78  the  SECOM  TECH  program  will  be  operating  on  two 
broad  fronts:  first,  the  development  of  processes' to  control  the 
pollution  sources;  and  second,  the  isplementatlon  of  test  systems  to 
contain  and  treat  contaminants  in  the  ground  waters  of  RMA.  2n  the 
beginning  of  Fy7e  the  process  development  %fork  will  be  the  largest  effort. 
Toward  the  end  of  the  fiscal  year,  however,  a  large  program  effort  will 
develop  in  systems  implementation. 

C*  Process  Development.  The  various  efforts  within  process  system 
development  have  been  divided  into  discrete  but  interrelated  research 
areas.  These  axeas  are: 

-  Water  Treatment  technology  (includes  surface  and  ground  water  treetmer 

-  Process  wastes  and  sludge  treatment. 


-  Soil  treatment. 


r 


(1)  The  water  treatment  process  development  research  area  is  the 
most  advanced  of  all  the  areas  at  this  time.  Birough  th^  studies  con¬ 
ducted  in  this  eorea,  processes  are  being  developed  to  remove  contaminants 
frcD  surface  and  ground  waters.  The  developemnt  of  the  granulau:  carbon 
process  for  the  north  boundary  pilot  system  was  a  part  of  this  work. 


Stodies  are  now  beingf'  oriented  to  develop  a  process  system  for-the  more 


concentrated  amounts  of  contaminants  found  in  the  ground  water  at  and 
near  the  pollution  sources.  Establishment  and  operation  of  a  ground¬ 


water  treatment  system  at  the  pollution  source  in  conjunction  with  a 


pollution  source  control  mechanism  (treatment/contaminant)  would  reduce 

m  I  friiimi  imumi  ^  ,,  mu  ,  m  |  ,  1  iiTi>ii~^'i 

“  — Sfce— ewwi  anifioi  VB*'' 

the  time  of  operation  for  the  boundary  contamineunt  system. 


(2}  Studies  in  process  waste  ai^  sludge  treatment  will  be  emphasized 
in  the  ry78  program.  These  studies  will  be  oriented  toward  treatment 


and  ultimate  disposal  or  reuse  of  the  water  treatment  process  side  stream 
wastes  and  'sludges.  Some  work  has  been  accomplished  in  this  area  with 
the  conduct  of  the  granular  carbon  regeneration  study  done  by  Calgon 
Corporation#  and  the  powdered  carbon  disposaCL/regeneration  study  by  the 
Chemical  Systems  Laboratory.  The  FTTS  program  will  pursue  the  investigation 
of  the  fate  of  pollutants  absorbed  onto  the  carbon  during  regeneration 
and  will  also  look  into  methods  of  disposal  for  sludges  derived  from 


other  developing  processes  (i.e.#  inorganic  treatment  processes) . 

(3)  Soil  treatment  studies  will  be  initiated  in  rY78.  These  studies 


will  investigate  both  insitu  aiid  excavated  methods  of  treating  con- 

. . .  f  _  ,  ,1  . . ^ 


taminated  soil.  Prom  this  research  the  methods  and  systems  for  treatment 


of  the  pollution  sources  will  be  developed. 
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(4)  Process  systems  developed  for  the  RMA  program  will  have  a 
broader  application  them  just  one  installation.  The  process  concepts 
vill  be  developed  with  an  eye  toward  broad  application.  As  other  ZR 
program  treatment  requirements  are  identified,  these  methods  can  be  reviewed 
and,  if  applicable,  implemented  with  a  much  reduced  developmental  effort. 

D.  Process  Implementation.  The  implementation  phase  of  the  developed 
processes  started  during  FY??  with  the  design  of  the  BMA  north  bouz^zury 
pilot  contaminant  and  treatment  system.  Process  isplementation  includes 
establishment  of  the  pilot,  as  well  as  the  testing  associated  with 
pilot  esq^ansion,  and  is  broken  down  into  the  following  trark  areas: 

•  Wat^  management  and  contaminant  systems  analysis  (includes 
both  grouted  and  surface  water}  . 

0 

—  Treatment  process  system  azialysis  (includes  both  pilot  and  final 
process  implementation  and  orientation) . 

CD  The  water^ianagraeiA^and^^Mitemin^^^^stedies  are  oriented 
toward^^inves^g^^^jOn^^^ofgggg^j^es  that  can  be  taken  to  prevent  a 
specific  pollution  source  from  contamlzmting  ground  or  surface  water. 

Siis  area  of  work  also  includes  investigation  of  mechanisns  by  which 
water  can  be  withdrawn  and  resupplied  to  the  water  syst^  without 
detremental  effects  on  water  supplies  of  downstream  users.  ,Some  v^ork 
in  this  area  was  done  in  prepzuration  of  the  design  for  the  north  boundary 
pilot  systems.  Some  preliminary  work  has,.,also  been  done  on  evaluatina 
me^ods  to  totally^ contain  the  pollution  sources. 
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preventing  further  contamination  migration  from  these  sources.  During  1^78 
this  vork  vill  be  expanded  and  methods  for  pollution  source^  contaiiunent  will 
be  further  investigated  as  will  the  available  methods  to  flush  for  treatment  th; 


2.  The  treatment  process  implementation  work  will  commence  in  FYTS 
with  the  installation  of  the  process  for  the  north  boundary  pilot  system. 

This  vork  will  commence  in  the  first  quarter  of  FY78.  Additional  work  is 
anticpated  in  this  area  toward  the  end  of  FY78  when  combinations  of  unit 
processes  will  be  tested  to  determine  the  best  process  for  the  final 
north  boundary  system. 

3.  Programs  and  Schedules. 

a.  Water  treatment  technology  development. 

(1)  During  rr78  water  treatment  will  be  pursued  for  removal  of  both 
organic  and-  inorganic  contaminants.  The-  organic  removal  processes'  are  at  a 
more  advanced  stage  of  development  than  the  inorganic  due  to  the  work 
completed  in  FY77.  The  processes  being  studied  are  granular  carbon  adsorption 
and  ultraviolet  light  ozone. 

(a)  Ultraviolet  light  ozone. 

^  Planned  Work 

t 

The  ultraviolet  light  ozone  work  -will  be  pursued  on  a  bench  scale  as 
well  as  a  field  scale  (1~5  gpm)  level.  The  bench  work  will  be  oriented 
toward  determining  the  best  reactor  design  for  treatment  of  contaminated  ground 
water  across  the  Arsenal.  Water  samples  from  the  north  boundary,  well  118 
(Basin  F  area),  and  well  11  (Basin  F  area)  will  be  processed.  The  results 
of  these  studies  will  be  compared  to  the  field  scale  test  resvilts;  initially 
the.  field  scale  tests  will  be  done  on  a  reactor  leased  from  Ultrox  Corp  in 
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California.  The  initial  tests  will  be  used  to  determine  and  verify  scale-up 
requirements  for  the  process.  Once  this  testing  is  complete,  a  modified  desig 
reactor  will  be  procured.  The  design  of  this  unit  will  be  based  on  the 
results  of  the  bench  scale  work  and  will  he  able  to  accommodate  the  varing 
quality  of  ground  water  requiring  treatment.  This  work  was  started  in  the 
last  quarter  of  FT77  and  will  continue  through  FT78.  A  schedule  of  planned 
UV-O^  work  is  shown  at  Figure  1.  The  FY78  work  will  initially  be  oriented 
toward  treatment -of  ground  waters  north  of  Basin  F  (north  boundary  to  well  HI 
These  results  will  be  reviewed  with  respect  to  implementation  of  a  final  uortl 
boundary  treatment  system.  The  testing  will  continue  and  move  into  treatment 
of  %7ater  south  of  Basin  F  into  the  Basin  A  area  (well  11).  Time  has  been 
allowed  in  the  schedule  shown  to  evaluate  treatment  of  ground  water  at 

4 

sources  other  than  Basins  A  and  F  should  additional  sources  be  discovered. 

The  combined  results  of  these  studies  will  provide  information  from  which  a  I 
0^  process  could  he  designed  to  remove  organic  contaminants  from  ground  wate: 
at  the  sources  of  any  point  along  the  contaminant  migration  route.  The  UV-0, 
testing  should  be  complete  in  FY79  for  all  sources. 

A 

•  ^  Checkpoints: 

The  UV-O-  work  will  be  continxially  evaluated  for  applicability  and 
;  ^ 

cost  effectiveness.  Certain  specific  key  checkpoints  for  program  have  been 
identified;  however,  at  these  checkpoints  the  completed  results  for  that  poi 
of  the  testing  program  will  be  reviewed  and  a  decision  will  be  made  as  to  tt 
continuation  of  testing.  The  identified  points  are  at  the  end  of  TY77  test: 
and  at  the  completion  of  north  boundary  and  well  no.  118  testing.  At  the  ei 
rY77  testing,  the  evaluation  of  the  efficiency  of  the  leased  unit,  as  well 
some  insight  into  scale-up  requirements,  should  be  known.  If  the  test 
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results  at  this  tine  show  that  the  process  Is  not  cost  effective  or  that  the 

process  is  not  applicable  to  the  given  problem,  the  test  program  vill  be 

discontinued.  At  the  completion  of  testing  on  the  north  boundary  and  Basin  F 

.  • 

area  samples,  the  test  results-,  vill  again  be  reviewed.  These  results  should 

show  specific  process  requirements,  for  removal  of  organic  contaminants  in 
#  •  •  *  • 

the  area  north  of  Basin  F  to  the  north  boundary.  Again,  cost  effectiveness 

and  treatment  applicability  vill  be  evaluated  with  respect  to  continuation  of 

•  ^ 

the  program. 

(b)  The  granular  carbon  bench  and  fi^d  study  vork  for  the  north 
boundary  were  completed  in  FT??.  Based  on  this  information,  the  design  for 
a  treatment  process  in  conjunction  with  the  north  boundary  pilot  has  been 
developed.  This  process  vill  be  constructed  during  the  first  quarter  of  FT?8. 

(2)  The  inorganic  treatability  studies  were  initiated  in  late  FT??  and 

* 

will  continue  in  FT?8.  These  studies  wiljljbe^^gursu^  at  the  bench  scale 

and  field  scale  during  FT?8.  The  initial  bench  work  will  be  oriented  toward 

treatoent  of  ground  water  in  the  Basin  F  to  north  boundary  area.  As  these 

tests  are  completed,  testing  vill  begin  in  the  Basin  A  and  other  identified 

pollution  source  areas.-  After  sufficient  data  has  been  gathered  on  the  bench 

level,  field  testing  of  the  processes  will  start.  This  testing  is  currently 

targeted  for  initiation  in  January  of  19?8.  By  the  end  of  the  third  quarter 

of  FT78  sufficient  process  information  should  be  available  for  -the  north 

boundary  to  Basin  F  area.  This  information  will  be  coordinated  with  the  organic 

process  data  to  develop  a  finalized  treatment  scheme  on  the  north  boundary 

system.  Field  studies  with,  the  inorganic  processes  vill  continue  on  the 

*  Basin  A  area  and  other  identified  pollution  sources  into  FT?9-.  After 

>mpletion  of  these  studies,  all  process  information  will  be  reviewed  and  a 

ground-water  source  processing  system  developed. 

fi  '  ’  '  ' 
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The  same  type  of  decision  points  are  planned  for  these  Inorganic  studies  a 
for  the  organic  treatability  studies.  The  program  will  be  checked  for  cost 
effectiveness  and  applicability  at  the  initiation  of  field  studies,  and  after 
the  results  of  the  well  118  to  th.e  north  boundary  portion  of  the  study  are 
complete.  The  results  of  the  north  boundary  pilot  monitoring  will  also  be 
compared  to  the  proposed  and  existing  standards  for  Inorganics  if  the 
operation  of  the  system  sufficiently  averages  the  concentration  of  these 
contaminants  and  reduces  them  below  the  required  levels,  the  treatment 
development  effort  for  inorganics  will  be  reduced.  The  effort  coiild  not  be 
toally  terminated  because  of  the  requirements  for  treatment  in  the  source 
areas. 

B..  Implementation  of  Developed  Vater  Treatment  Processes. 

1.  Granular  Carbon  . 

As  noted  before,  the  developmental  work  on  the  granular  carbon  process 
is  cosqilete..  A  carbon  adsorption  process  will  be  installed  as  part  of  the  nort 
boundary-  pilot  system.  This  construction  will  be  constructed  during  the  first 
quarter  of  FY78  and  used  to  treat  construction  waste  waters  from  the 
dewatering  and  recharge  well  testing  during  the  second  quarter  of  PYIB.  The  * 
total  system  will  become  operational  in  mid-FY78.  The  data  from  this 
operating  pilot  will  be  monitored  to  assist  in  development  of  a  final  north 
boundary  treatment  complex.  The  operating  facility  will  also  provide 
Information  on  the  flow  of  ground  water  to  the  system  and  the  resultant  average 
concentration  of  contaminants  requiring  treatment.  There  is  a  possibility 
that  if  conditions  are  favorable  the  north  boundary  system  will  have  minimum 
expansion  requirements.  These  conditions  will  be  watched  closely  to  insure 
that  only  the  required  expansion  is  done.. 
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2.  Combination  Process  Testing. 

a.  After  completion  of  developmental  vork  for  the  organic  and  inorganic 
treatment  processes  for  the  north  boundary  area  of  PHA  (Basin  F  to  the  north 
boxmdary),  the  processes  will  be  tested  in  combinations  to  determine  the 
most  effective  systemization.  These  tests  will  start  in  the  last  quarter 
of  rY78  and  be  completed  by  the  end  of  the  first  quarter  Fy79.  After 
completion  of  these  tests,  design  criteria  vill  be  developed  for  Che 
e3q>anded  treatment  .system  for  north  boimdary  contaminant  migration  control. 

The  decision  as  to  vhat  processes  will  be  tested  in  combination  will  be 
based  upon  the  results  of  the  lab  and  field  studies  and  the  treatment  requirement: 
identified  by  monitoring  the  influent  water  quality  of  the  operating  pilot 
system.  Only  the  required  treatment  process  will  be  tested  for  integration 
into  the  final  system  design  criteria  development. 

b.  A  similar  type  combination  process  study  will  be  conducted  at  the 
cooq>letion  of  the  source  treatment  process  studies.  These  studies  are 
currently  targeted  to  start  in  the  fourth  quarter  FY79.  If  no  sources 
other  than  Basins  F  and  A  are  found,  these  studies  might  start  sooner  in  FY79. 
These  Judies  should  be  completed  with  design  criteria  developed  at  least  by 
the  end  of  IT80.  Again,  the  field  testing  results  will  be  closely  monitored 
and  only  the  applicable  processes  vill  be  integrated  into  the  final  system 
combination  tests. 

3.  Design  Procurement  and  Construction. 


It  is  estimated  that  design,  procurement,  and  construction  will  take 
approximately  12-15  months  after  design  criteria  is  complete.  Based’  on  this 
timing,  the  final  north  boundary  system  would  be  complete  and  operating  during 


FT80  and  pollution  source  water  processign  could  be  operative  in  FY82.  Again, 
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if  no  additional  pollution  sources  (other  than  Basins  P  and  A)  are 
discovered,  this  system  might  be  operational  In  FY81.  The  operation  of 
these  systems  could  be  done  in  conjunction  vith  source  soil  treatment  or 
source  containment. 

« 

4.  Water  Treatment  Process  Waste  Side  Stream  and  Sludge  Sttjdies.' 

a.  In  conjunction  vith  the  development  of  the  water  treatment  processes, 
waste  process  systems  will  also  be  developed.  These  waste  processes  are 
ne^ed  so  that  as  a  sludge  on  side  stream  waste  is  delivered  from  a 
treatment  unit,  it  can  be  processed  for  reuse  or  ultimate  disposal.  To 
date  some  work  has  been  done  in  this  area;  namely,  the  powdered  carbon 
regeneration  testing  from  the  Calgon  granular  carbon  system.  This  work, 
however,  was  short  term.  In  the  case  of  the  granular  carbon  only  regenera  tie 
furnace  emission  testing  was  done  to  determine  if  any  compounds  were  present 
that  voeild  preclude  use  of  the  regeneration  process.  The  comments  on  the 
Draft  EXS  for  this  process  stressed  the  need  to  know  how  the  adsorbed 
compounds  Interacted  and  what  their  fate  was  as  a  result  of  regeneration.  TI 
type  of  information  will  be  developed  by  this  study  area. 

b.  During  FY78  the  Regeneration  of  granular  carbon  will  h*»  griidTPd  in 
more  detail  as  will  disposal /regeneration  systems  for  the  inorganic  treatmen 
processes.  In  line  with  the  schedule  (Figure  2)  a  review  of  all  processes 
under  study  will  be  made  and  the  type  wastes  expected  from  the  processes  wil 
defined.  From  this  evaluation  a  study  plan  will  be  prepared  and  forwarded  t 
the  Office  of  the  PM  CDIR  for  review  prior  to  commencement  of  work.  The 
actual  conduct  of  the  work  will  be  split  into  two  phases  as  is  the  treatment 
process  development  work.  The  initial  effort  will  be  oriented  toward 
development  of  disposal /reuse  processes  for  the  wastes  developed  by  the 
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North  Boundary  treatment  processes.  This  work  will  include  the  granular 
carbon  regeneration  study.  This  work  will  be  conducted  on  a  laboratory 
and  field  study  scale  as  it  is  applicable  for  the  processes  under  review. 
The  second  phase  of  this  work  will  be  oriented  toward  disposal /reuse  of 
waste  products  delivered  by  the  pollution  source  treatment  unit.  The 


results  of  both  phases  of  this  study  will  be  coordinated  with  the 
combination  water  treatment  process  testing  discussed  in  para  ____ 


above . 


C.  The  schedule*  for  completion  of  this  disposal/reuse  process  development 

work  is  largely  dependent  upon  water  treatment  process  development.  It  is 

estimated,  however,  that  laboratory  work  on  disposal/reuse  processes  will 

be  complete  by  the  end  of  FITS  and  field  studies  will  be  completed  by  4QFY79. 

The  resiilts  of  all  these  studies  will  be  used  in  the  combination  process 

testing  and  design  criteria  development  for  a  final  treatment  system. 

« 

^5.  Soil  Treatment  Studies. 

a.  The  primary  c^use  of  ground-water  pollution  at  RMA.  is  the  leaching 

of  contaminants  from  waste  disposal  areas  into  the  ground-water  system;  These 
waste ,  disposal  areas  are  referred  to  as  the  pollution  sources.  The  leaching 
from  these  sources  may  be  from  a  point  source  of  disposed  waste,  but  more 
likely  it  is  believed  that  the  long  term  and  continuing  source  is  from  the 
leaching  of  soils  heavily  ladden  with  contaminants.  These  contaminated  soils 
must  therefore  be  evaluated  and  treated  if  the  migration  of  this  pollution 
is  to  be  stopped. 

b.  ^h^^devel^nent,.^jg_.sp^il .  treatment^pr^^^e^sses  will  be  pursued  on  two 
fronts:  namely,  '^insitu  and  excavated  soil  treatment  work.  The  insitu  work 

_ I  1,1111— nwi  II w  MM  <[iwii»iuiiiiiii  'iTi'irnrTr**'rT*~ir*** 

will  investigate  processes  such  as  chemical  fixation,  vegetative  uptake. 
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and  bio- transformation  of  contaminants.  The  excavated  soil  treatment  work 
viU  Investigate  processes  such  as  thermal  and  chemical  neutralization.  The 
Basin  F  source  area  is  largely  a  unique  liquids  and  sludge  problem  that  will 
be  handled  under  a  separate  area  (this  area  will  be  discussed  later). 

c.  Starting  in  the  1QFY7^  an  evaluation  of  all  pollution  source  soils  dat 
will  be  made.  It  is  expected  that  the  bulk  of  this  data  will  be  from  the 
Basin  A  area  and  derived  from  the  ongoing  pilot  comprehensive  survey  work.  Als 
information  will  be  available  on  the  ground  water  quality  in  tr: :  area.  This 
data  will  come  from  the  comprehensive  survey  work  as  well  as  th=  c-ngoing 
pollution  source  and  water  treatment  study  being  done  by  the  CheL:lcal 
Systems  Laboratory  at  Aberdeen  Provi^  Groimd,  KD.  After  review  of  these 
data,  a  study  plan  will  be  developed  -for  both  insitu  and  excavated  soil 
treatment.  The  study  plan  will  provide  for  as  quantitative  a  review  as  is 
possible  of  applicable  treatment  schemes.  It  is  recognized  that  it  is  not 
cost  effective  nor  affordable  to  develop  1  or  possibly  even  many  methods  of 
soil  detoxification.  Therefore,  the  1st  quarter  evaluation  'should  include  a 
qualitative  assessment  of  all  potential  processes  and  only  th'e  most  promising 
technologies  should  be  quantitatively  evaliiated  during  the  remainder  of  the 
fiscal  year.  Heavy  consideration  should  be  given  to  cost  effectiveness  and 
process  applicability  when  the  section  of  processes  for  quantitative  study  is 
made.  The  results  of  this  F777  work  should  show  the  costs  of  the  various 
processes,  both  for  such  development  and  implementation,  as  well  as  the 
advantages  and  disadvantages  of  each  process.  Based  on  this  work,  the  rY79 
and  FY80  process  work  can  be  finally  determined  and  developed.  These  studies 
should  be  complete  with  the  development  of  final  system  design  criteria  by  the 
end  of  FYSO.. 
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6.  Containment  Systems  Evaluation. 

a.  The  development  of  treatment  processes  will  progress  rapidly  in  TY7S 
and  by  the  end  of  the  year,  a  good  synopsis  of  complete  treatment  requirements, 
developmental  and  Implementation  costs,  and  operating  costs  will  be  available. 
These  treatment  requirements,  costs,  and  time  estimates  will  be  compared  to  the 
requirements,  costs,  and  times  for  total  containment  of  the  pollution  sources. 
The  containment  data  will  be  developed  under  this  portion  of  the  decontamir.ation 
technology  program. 

b.  During  TJ77  Basin  T  and  Basin  A  qualitative  containment  studies  were 


completed.  These  studies  identify  specific  areas  of  work  for  quantitative 
evaluation  and  design  criteria  development  for  the  containment  types 
specified.  In  F778  these  quantitative  studies  will  be  pursued.  At  the  end 

4 

of  these  studies,  quantitative  data  as  to  deslg:n,  procurement,  and 
construction  costs  and  times  will  be  available.  This  information 
will  be  compared  to  the  treatment  information  and  a  decision  will'.'bevmade 
as  to  the  types  of  containment,  and/or  treatment  schemes  to  be  employed.  Of 
course,  if  treatment  is  chosen  over  containment,  the  planned  treatment  work 
schedules  discussed  previously  will  be  esployed.  If,  however,  the  treatment 
effort  is  reduced  or  eliminated,  the  work  schedules  and  costs  for  treatment 
works  be  altered  accordingly.  The  work  schedule  for  containment  implementation 
in  FT79  is  dependent  upon  the  results  oft  the  FY78  studies.  It  is  presently 
estimated,  however,  that  if  containment  is  employed  at  any  level,  it  could  be 
completely  installed  by  the  end  of  7179. 

c.  In  the  first  quarter  of  7178,  a  study  plan  for  conduct  of  the 
quantitative  studies  will  be  developed.  This  plan  will  be  reviewed  by  the 
Office  of  the  PM  CDIB  prior  to  commencement  of  the  studies.  The  studies 
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themselves  should  be  complete  and  design  criteria  developed  for  the  type(s) 
of  containment  system  (s)  recommended  for  implementation.  Any  treatment 
requirements  for  the  containment  systems  presented  should  be  identified. 

Cost  effectiveness  and  applicability  of  a  system  to  the  given  field  conditions 
at  KMA  should  be  evaluated  and  only  the  most  feasible  system(s)  should 
have  design  criteria  developed.  If  containment  is  found  to  be -infeasible « 

the  reasons  why  should  be*  stated. _ A^c^de^ign  criteria  is  developed,  a 

recommended  approach  to  n79  design,  procurement,  and  implementation  should 
be  presented. 

'  .  Water  Management . Studies . 

a.  The  water  management  studies  involve  study  of  the  water  systems  and  tt 
*  / 

methods  by  which  water  can  be  pumped  and/or  piped  in  conjunction  with  a 
containment  and/or  treatment  system  such  that  the  original  water  conditions 

4 

are  maintained  and  minimal  water  loss  occurs.  Some  work  of  this  nature  has 
been  done  in  conjunction  with  the  north  boundary  pilot  system.  In  order  to 
expand  this  system,  however,  and  in  order  to  support  some  of  the  insitu  soil 
treatment  studies,  additional -work  will  have  to  be  done  in  this  study  area, 
work  would  be  done  primarily  between  the  north  boundary  and  Basin  F,  in  the 
Basin  F  area,  and  in  the  Basin  A  area. 

'  b.  In  the  1st  quarter  of  FY78  the  available  geo-tech  data  and  ground-wat 
data  on  the  areas  of.  concern  would  he  evali;ated  and  from  this  evaluation  a  st 
plan  should  be  oriented  toward  developing  quantitative  data  as  to  the  quantit 
of  flows  and  aquifed  characteristics  in  the  study  areas  selected.  Also,  the 
plan  should  include  provisions  for  field  testing  of  various  pumping  end 
recharge  well  arrays  -on  a  small  scale.  This  plan  would  be  forwarded  to  the 
Office  of  the  PM  CDIR  for  approval  prior  to  implementation.  The  data  gained 
the  field  testing  should  be  such  that  quantitative  estimates  of  water  manages 
systems  requirements  and  costs  can  be  made  for  the  north  boxmdary  system 


expansion.  aBd  for  source  water  treatment/ contal'ninent  systems .  The  total 
term  of  these  tests  is  dependent  upon  the  schedule  of  treatment  development 
and  requirements.  It  is  estimated  however  that  these  Type  tests  will  continue 
through  ry79. 


BASIN  F  . 

a.  ‘  The  treatment  and  elimination  of  Basin  F  is  being  worked  on  as  a 

^  » 

separate  study  area.  The  above  listed  study  areas  cotild  be  applied  in  whole 
or  part  to  installations  other  than  BMA  but  the  Basin  F  problem  is  unique  to  K 

I 

b.  The  treatment  of  Basin  F  is  being  approached  in  four  phases.  These 


are: 

Phase  I  -  Problem  Definition 

Phase  II  Basin  Characterization  and  Pretreatment  development 

Phase  III  —  Treatment  System  Development 

Phase  IV  -  Construction  of  Treatment  System. 

Also»'  the  containment  studies  discussed  in  para  will  -run  concurrent 
with  Phases  XU  and  III. 

c..  Phase  I  was  initiated  ^  FX77  and  will  be  complete  with  a  final 
report  written  by  October  1977.  This  report  will  include  a  coiiq>rehensive 
history  of  the  Basin  and  also  the  analytical  results  of  samples  taken  across 
the  basin.  .  The  samples  were  not  only  taken  at  the  surface  but  also  through 
the  depth  of  the  basin  and  include  samples  of  the  basin*8  bottom  sludge. 

The'  results  of-.the  Phase  I  work  will  define  the  'requirements  of  Phase  II 
and  HI  actions.  Based  on  the  sampling  results  of  Phase  I,  it  is  hoped  that 


only  minimal  additional  characterization  work  will  have  to  be  done  in 
Phase  II  and  that  pre-treatment  work  can  be  emphasized.  Pre-treatment 
testing  is  scheduled  to  start  in  the  beginning  of  FITS.  From  the  pre- 
treatment  work,  the  Phase  II  treatment  studies  will  be  quickly  picked  up.  It 
is  estimated  that  these  st^Md^eg  mid^FYTS  and  are  targeted 

for  completion  by  the  end  of  Fy79.  These  studies  will  form  the  base  from 
which  a  final  treatment  system  is  designed,  procured,  and  constructed.  This 
implementation  work  is  estimated  at  15-18  months  and  treatment  would  begin 
in  ITSi.  V  . 

d.  Concurrent  with  Phase  II  treatment  studies,  a  commercial  industrial 
survey  will  be  conducted.  This  survey  will  be  oriented  toward  determining 

if  a  commercial  firm  is  interested  in  processing  Basin  F  for  recovery  of  metals 
or  other  compounds.  Also,  commercial  disposal  contracts  will  be  evacuated.  Th 
results  of  this  survey  will  be  used  to  determine  if  it  is  more  cost  effective 
for  the  Government  to  go  commercial  contract  for  disposal  of  the  basin 
rather  than  developing  a  treatment  scheme. 

e.  Basin  F  containment  .studies  will  also  be  conducted  during  FY78.  These 

types  of  studies  are  discussed  in  para _ At  the  end  of  FI  the  estimated  tre 

ment  requirements,  costs,  and  timing  will  be  compared  to  the  containment, 
study  results,  and  a  decision  will  be  made  as  to  the ,  containment  and/or 
treatment  approach  to  be  pursued. 

9.  Funding. 

The  funding  for  the  KMA  K&D  program  discussed  above  is  shown  in  Table  1. 
This  funding  distribution  assumes  full  funding  in  FI78.  If  FY78  funding  is 
cut,  some  of  the  above  described  work  will  have  to  be  decreased  in  scope  or 
eliminated.  The  exact  reduction  of  work  cannot  be  determined  until  the  amount 
of  the  budget  cut  is  known.  , 
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Water  Treatment  Studfea 


^E'IHODOLOGY  FOR  THE  VALIDATION  OF  COLLECTION,  HANDLING 
AND  PRESERVATION  OF  WATER  AND  SOIL  SAMPLES 

Rocky  Fbuntain  Arsenal  Installation  Restoration 

1.  General 

A.  Background 

The  basic  objective  of  this  study  was  to  recommend  interim  pro¬ 
tocols  for  the  laboratory  validation  of  sample  collection,  handling  and 
preservation  methods  during  the  Installation  Restoration  Interim 
Geohydrological  Pilot  Soil/Water  Sampling  Program.  The  protocols  were 
intended  to  incorporate  methods  of  san^le  extraction,  clean  tp  and 
analysis.  Statistical  evaliiation  methods  were  to  be  proposed  to  ascer¬ 
tain  the  iapact  on  precision  and  accuracy  of  sample  collection,  handling 
and  preservation  procedures.  Ihese  results  when  incorporated  with  the 
existing  qxiality  control  program  developed  by  the  R^^A-MA1D  personnel 
conceming  extraction  and  analysis  were  to  provide  overall  precision  and 
accuracy  limits  for  the  I  R  Interim  Geohydrological  Pilot  Program. 

The  project,  considered  Phase  II  of  Patterson  Associates',  Inc. 
involvement  with  the  Rocky  Mountain  Arsenal  Installation  Restoration 
Program  was  designed  to  sipplement  Phase  I  (Methods  for  Collection,  Hand¬ 
ling,  Preservation  and  Storage  of  Water  and  Soil  Saaples,  Final  Report 
April  1977,  Patterson  Associates,  Inc.j  and  coincide  with  the  preliminary 
development  of  the  pilot  field  studies  to  allow  meaningful  data  acquisition 
during  the  pilot  studies. 

B.  Scope  of  Work 

The  scope  of  work  originally  stated  to  achieve  the  objectives  of 


this  study  was  divided  into  four  (4)  general  areas  and  was  stated  as 
follows : 

1.  Review  of  Literature  on  Environmental  Fate  and  Analytical 
Technique 

A  critical  review  of  pertinent  information  on  environmental  fate 
and  analysis  will  be  conducted.  The  review  will  consider  information  on 
the  potential  loss  of  material  from  core  soil  and  interstitial  water 
sajiqples  by  volatilization,  adsorption,  hydrolysis,  biodegradation  and 
other  mechanisms;  The  main  objective  of  the  literature  review  will  be 
to  review  procedures  for  handling  core  and  water  samples  and  for  contam* 
inant  extraction.  Alternative  methods  of  chemical  analysis  will  be  sug¬ 
gested  where  appropriate,  to  validate  san^jle  collection  and  preservation 
procedures.  Literature  references  and  copies  of  key  articles  will  be 
provided. 

2.  Recommended  Interim  Validaticm  Protocols 
In  order  to  esqiedite  the  validation  of  the  sampling,  handling 
and  preservation  techniques  enployed  in  the  Pilot  Soil/lVater  Saipling 
Program,  protocols  for  analysis  of  core  soil  and  interstitial  water  -sam¬ 
ples  will  be  recommended.  These  protocols  will  incorporate  considera¬ 
tion  of  potential  analytical  interferences  and  degradation  of  materials. 
The  extent  of  protocols  to  be  provided  will  correspond  to  the  anticipated 
”high  priority”  contaminants  requiring  analysis  during  the  Pilot  Program, 
as  listed  below: 

DCPD 

DIMP 

Aldrin 

Dieldrin 

Endrin 

Arsenic  Conpounds 
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Mercury  and  Mercury  Salts 
p-Chlorophenyl  methyl  Sulfide 
p-Chlorophenyl  methyl  Sulfoxide 
p-Chlorophenyl  methyl  Sulfone 

In  the  event  that  analytical  techniques  are  developed  by  the 
Analytical  Systems  Committee  in  conjunction  vdth  the  RMA  MALD  person¬ 
nel  on  the  additional  contaminants  tabulated  below,  further  protocols 
will  be  provided  where  possible  within  the  time  frame  and  budgetary 
constraints  of  the  proposed  project. 

Nemagon 

Tetrachloroethylene 
Hexachl  oronobomadiene 
Hexachl  orobutadiene 
1,  4  -  Dithiane 
Tetrachlorobenzene 
1,  4  -  Thioxane 
Isodrin 

Tri chi oroe thy  1 ene 

Contact  will  be  maintained  with  RMA  MALD  personnel  to  assure  the 
ability  to  utilize  these  protocols  by  virtue  of  availability  of  MALD 
facilities,  equipment  and  personnel.  Procedures  for  extraction,  sep¬ 
aration,  concentration  and  analysis  operations  will  be  referenced. 

By  isolating  these  operations,  both  individual  component  and  overall 
accuracies  can  be  established.  In  order  to  incorporate  boundaries  on 
precision  and  accuracy  of  analytical  methodologies  into  the  validation 
protocols,  internal  MALD  procedures  and  analytical  results  will  be 
reviewed  in  cooperation  with  MALD  personnel. 

3.  Validation  of  Sampling,  Handling  and  Preservation 
Methodology. 

Following  the  determination  of  valid  analytical  procedures,  it 
will  be  possible  to  validate  the  sampling,  handling  and  preservation 
methodology.  This  will  be  accomplished  concurrent  with  the  Pilot  Soil/ 
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Water  Satg^ling  Program.  Procedures  to  determine  the  extent  of  sample 
contamination  or  loss  of  constituents  associated  with  field  operations 
will  be  proposed.  Protocols  to  determine  influence  of  storage  time 
and  storage  conditions  on  the  validity  of  results  will  be  recommended. 

4.  Evaluation  of  Pilot  Program  Field  Procedures. 

As  all  field  collection  of  samples  will  be  conducted  on  site  by 
RMA  personnel,  it  is  proposed  to  serve  as  reviewers  of  and  advisers  to 
RMA  on  field  techniques  and  to  recommend  modifications  as  indicated  by 
the  results  of  the  validation  stucfy.  The  purpose  of  this  activity  is 
to  assure  that  field  techniques  i^tilized  will  not  adversely  impact  overall 
program  quality  control  reqiiirements . 


C.  Scope  Modification 

As  a  result  of  a  joint  meeting  between  RMA-IR  and  MALD,  Edgewood 
Arsenal  and  Patterson  Associates,  Inc.  personnel  on  January  19/20,  1977, 


eleven  (11)  specific  compounds  were  designated  for  study  in  the  proposed 
project.  These  were: 


DCPD 

DIMP 

Aldrin 

Endrin 

Isodrin 

Dieldrin 


p-Chlorophenyl  methyl  Sulfide 
p-Chlorophenyl  methyl  Sulfoxide 
p-Chlorophenyl  methyl  Sulfone 
1,  4  -  Dithiane 
1,  4  -  Thioxane 


II.  Review  of  Literature  on  Environmental  Fates  and  Analytical 
Techniques 

A.  Introduction .  A  review  of  the  recent  literature  was  conducted, 
including  diemical  and  analytical  abstracts  from  1967,  for  the  specif¬ 
ic  coipounds  of  interest  exclusive  of  the  chlorinated  pesticides.  The 
selective  nature  of  this  review  was  agreed  iqjon  in  light  of  extensive 
work  and  established  procedures  for  the  soil  analysis  of  these  pesticides. 
The  end  result  of  this  activity  v/as  the  acquisition  of  extremely  limited 
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information  on  the  specific  contpotmds  of  interest  (DBIP,  DCPD,  p-chloro- 
phenylmethyl  sulfide,  p-chlorophenylmethyl  sulfixide,  p-chlorophenymethyl 
sulfone,  dithiane  and  oxathiane  (thioxane)  with  regard  to  soil  and  water 
behavior  and  analysis. 

Furthermore,  little  information  regarding  compounds  of  similar 
chemical  nature  tpon  which  one  could  extrapolate  to  the  compoxmds  of 
interest  was  found  in  these  sources. 

That  information  which  was  available  resided  principally  in 
unpublished  reports  emmanating  from  contract  or  in-house  stiidies  under 
the  direction  of  the  U.S.  Amy.  Still,  minimal  attention  has  been  direc¬ 
ted  to  the  chemistry  and  analytical  methodolog>'  for  soils.  Additional 
information  has  been  obtained  through  direct  communication  with  U.S. 

Ann}'  personnel  and  their  contractors.  This  information  has  confirmed 
the  absence  of  published  literature,  and  limited  information  in  unpiib- 
lished  literature,  some  of  which  may  be  unavailable  due  to  security 
classification. 

B.  Results .  A  summary  of  the  information  obtained  is  presented  below 
for  each  of  the  confounds. 

1.  Diisopropylmethylphosphonate  CDIMP) .  No  new  references 
beyond  those  contained  in  USAMRDC  Technical  Report  7509,  "Problem  Defi¬ 
nition  Studies  on  Potential  Environmental  Pollutants  II.  Physical, 
Chemical,  Toxicological  and  Biological  Properties  of  16  Substances,"  or 
their  branching  references  were  located.  Other  information  is  contained 
in  the  progress  reports  submitted  to  the  U.S.  Army,  Fort  Detrick,  Mar>'land, 
by  Aerojet  Ordinance  and  Manufacturing  Company  under  Contract  DAMD- 17-75- 
C-5069  by  Dr.  P.  A.  0‘Donovan,  personal  communication  with  Dr.  James  Spigar 
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of  Midwest  Research  Institute  and  apparently  classified  documents  pre¬ 
pared  by  Midwest  Research  Institute  under  contract  with  an  unidentified 
sponsor. 

The  essence  of  available  information  is  that  analysis  of  DIMP 
is  without  major  problems  and  that  its  extraction  from  soils  and  plants 
appears  to  yield  high  recoveries.  Aerojet  researchers  have  foimd  90% 
recovery  from  spiked  soil  with  a  single  methanol  extraction.  One  gram 
of  soil  is  contacted  directly  with  methanol,  agitated  and  centrifuged 
followed  by  direct  solvent  injection.  Similar  results  have  been 
indicated  by  Midwest  Research  Institute  where  other  polar  organic  sol¬ 
vents  such  as  iso-propanol,  acetone  and  methanol  have  been  used.  No 
mention  is  made  in  either  case  regarding  chloroform  as  the  extractant, 
the  solvent  employed  by  RMA.  for  extraction  of  water  samples.  The  latter 
procedure  has  been  found  to  yield  essentially  100%  recovery  of  DIMP  at 
ppm  levels  (aqueous)  with  a  volume  ration  of  67:1  CH20:CHCl2). 

The  expected  hydrolysis  products,  isopropylmethylphosphonic  acid 
(or  its  salt),  iso-propanol  and  methlyphosphonic  acid  (or  its  salt)  may  be 
of  importance.  While  DIMP  is  estimated  to  be  stable  at  neutral  pH 
(t^  =  687  years  §  10°  C)  this  observation  resulted  from  extrapolation  of 
kinetic  data  obtained  at  elevated  temperatures  (80°  -  98°C) .  However, 
at  pH  extremes,  hydrolysis  is  significantly  more  rapid.  No  information 
was  available  regarding  possible  catalysis  of  the  hydrolysis  by  metals 
or  other  constituents  which  may  be  present  in  the  soil,  .  including 
enzymatic  mediation. 

To  delineate  hydrolytic  loss  from  other  mechanisms  resulting  in 
low  DII-P  recovery  from  soil  would  necessitate  specific  analysis  for  the 
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hydrolysis  products.  Communication  with  l-lidwest  Research  Institute 
indicates  that  extraction  with  polar  solvents  should  provide  appreciable 
recovery  of  IMP  and  ^IPA.  Extraction  with  ■Me0H:H20  (97:5)  yielded  50% 
recovery  on  a  single  contact  with  spiked  soil.  Repeated  extraction 
would  likely  enhance  recovery.  Furthermore,  acidification  may  improve 
extraction  efficiency  but  caution  should  be  directed  toward  possible 
hydrolysis  of  IMP  to  MPA.  MPA  on  the  other  hand  would  be  expected  to  be 
stable  to  acidic  conditions. 

Analysis  of  extracted  IMP  and  MPA  has  been  reported  by  Midwest 
Research  Institute  to  be  readily  achieved  by  sample  evaporation,  addition 
of  ether  and  methylation  by  diazomethane.  It  should  be  noted  that  in 
this  procedure,  evaporative  loss  of  DIMP  is  possible  and  analysis  should 
be  conducted  on  an  aliquot  of  solvaxt  directly  for  DIMP.  Problems  with 
this  procedure  have  been  noted  and  relate  to  the  direct  injection  of  the 
non -volatiles  onto  the  column.  MRI  did  not  mention  another  potential 
problem,  failure  of  the  method  to  differentiate  between  the  IMP  and  MPA 
species  by  GC. 

14 

Finally,  tracer  studies  with  C  methyl  DIMP  and  DCPD  are 
reportedly  in  progress  at  Aerojet.  Greater  detail  is  presented  in  the 
DCPD  section  below. 

2.  Dicyclopentadiene  (DCPD) .  No  information  beyond  that  con¬ 
tained  in  USAMRDC  Technical  Report  7509,  '-Problem  Definition  Studies 
on  Potential  Environmental  Pollutants  II.  Physical,  Chemical,  Toxi- 
logical  and  Biological  Properties  of  16  Substances,”  had  been  found 
in  the  published  literature.  The  only  o-ther  information  relating  to 
those  aspects  of  this  compound  is  contained  in  the  Progress  Reports 
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submitted  to  the  U.S.  Army,  Fort  Detrick,  Frederick,  Maryland,  by  Aero¬ 
jet  Ordinance  and  Manufacturing  Con^iany  under  Contract  DAMD-17-75-C- 
5069,  by  Dr.  P.  A.  O'Donovan. 

Of  particular  note  in  this  work  are  those  studies  pertaining  to 
extraction  from  soils  and  gas  chromatographic  analysis.  Based  upon  the 
results  in  reports  1953-01  (08)*  (15),  (17),  (18)  MP,  the  follo\d.ng 
observations  have  been  made: 

Extraction  Studies.  Soils  spiked  with  340  ppm  DCPD  were  ex¬ 
tracted  using  1  ml  of  hexane  per  gram  of  soil.  Recoveries  of  DCPD 
averaged  52%  for  8  samples.  Lower  recoveries  were  obtained  with  aqueoiis 
extractions  (acidic,  basic  and  neutral).  It  was  reported  that  various 
solvents  (unspecified)  yielded  a  range  of  18  to  80%  of  theoretical 
recovery. 

Evaporation  Studies.  Decreased  amounts  of  DCPD  were  found  (re¬ 
covered)  after  various  periods  of  soil  exposure  to  the  atmosphere.  These 

results  were  interpreted  as  indicating  loss  due  to  volatilization. 

14 

Radioactive  Tracing.  General  C  labelled  DCPD  was  introduced 
(homogeneously)  into  soil  at  20  ppm  and  the  soil  was  placed  into  pyrex 
test  tiibes  to  a  depth  of  4  inches.  Dry  air  was  passed  over  the  soil 
surface  at  100  ml/minute  and  then  through  two  solvent  traps  in  series 
(solvents  unspecified)  which  were  immersed  in  a  dry  ice/alcohol  bath. 
Traps  were  removed  after  8  and  50  hours  (and  longer,  unspecified  and 
assumed  to  be  continuing  at  time  of  report) .  The  traps  and  soil  seg¬ 
ments  at  1  inch  intervals  were  shipped  to  New  England  Nuclear  (labelled 

14 

compound  supplier)  for  extraction  and  C  activity  analysis.  Preliminary 
results  (reported  in  1953-01  (19)  MP,  ^iarch  1977)  from  the  Aerojet  work 
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have  failed  to  yield  definitive  conclusions  due  to  loss  in  activity  be¬ 
tween  stock  soil  and  \rorking  soil  matrix.  However,  no  further  loss  is 
indicated  under  test  conditions.  While  the  contractor  does  not  wish 
to  draw  conclusions  at  this  time,  in  the  author's  opinion  the  data  are 
not  stpportive  of  volatilization  loss  of  DCPD. 

Gas  Chromatography.  While  the  specific  analysis  reported  demon¬ 
strated  linear  relationships  between  DCPD  and  peak  area,  a  dependency  of 
sensitivity  ( AResponse/AConcentration)  iq)on  carrier  gas  flow  rate 
(^reported  as  inlet  pressure)  was  found.  Lower  sensitivity  was  found  at 
the  lower  inlet  pressure.  Since  the  flame  ionization  detector  (FID) 
used  is  a  mass  flow  rate  detector,  its  response  should  be  essentially 
independent  of  carrier  gas  flow  rate.  An  implication  is  that  partial 
degradation  or  conversion  of  the  DCPD  is  occurring  in  the  system,  which 
would  be  expected  to  depend  upon  residence  time.  At  least  two  caxises 
for  this  could  be  projected.  First,  the  column  used  was  metal  (stain¬ 
less  steel)  which  could  catalyze  reaction  of  the  DCPD.  The  RMA  procedure 
reported  enploys  pyrex  columns.  Secondly,  decomposition  may  occur  in¬ 
dependent  of  the  column  material,  resxalting  from  contact  with  the  station¬ 
ary  phase.  Either  situation  may  produce  an  accumulation  of  degradation 
products  on  the  colmnn  which  may  further  enhance  the  breakdown  of  DCPD. 

In  this  case,  the  extent  of  breakdown  could  be  a  function  of  the  period 
of  column  use  and  may  be  reversible  or  diminish  upon  period  of  non-use. 
Decomposition  due  to  this  process  could  greatly  contribute  to  irreprodu- 
cibility  or  results  e.g.  apparent  erratic  recoveries. 

3.  p-Chlorophenylmethyl  Sulfide,  Sulfoxide,  Sulfone.  The 
conplete  absence  of  literature  on  the  aqueous  and  soil  chemistry  and 
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analysis  of  environmental  samples  for  these  compounds  in  the  published 
literature  was  reported  in  personal  communication  by  Dr.  David  Rosenblatt 
of  Fort  Detrick.  This  confirmed  our  experience  in  searching  the  literature. 

Dr.  Rosenblatt  is  curr^tly  assembling  an  information  base  on  the 
chemical,  physical,  toxicological,  and  biological  properties  of  these 
confounds . 

4.  Dithiane^  Oxathiane  (Thioxane) .  Our  experience  in  searching 
the  literature  ,  for  pertinent  information  on  these  compomds  reveals  an 
absence  of  such  information. 

5.  Related  Compounds.  While  a  significant  body  of  literature 
exists  for  the  extraction,  analysis  and  environmental  fate  of  conpounds 
containing  sulfur  and  phosphorus  and  conpounds  of  general  carbon  skeleton 
similarity  to  DCPD,  it  is  felt  that  dissimilarities  in  the  absence  of 
supporting  information  are  sufficient  to  obviate  extrapolation  to  conpounds 
imder  study. 

By  the  \<ay  of  exanple,  organophosphorus  pesticides  are  phosphate 
esters  rather  than  phosphonate  esters  and  many  of  the  phosphate  esters 
contain  sulfur  in  place  of  oxygen.  Similarly,  where  sulfide,  sulfoxide 
and  sulfone  functionality  is  encountered,  e.g.  Fenthian  and  its  metabolites 
and  degradation  products,  the  presence  of  other  functionalities  precludes 
extrapolation  of  data  for  these  conpounds  a  priori  to  that  of  the  compounds 
of  concern. 

For  these  reasons  it  was  deemed  necessary  that  an  interim  evalua¬ 
tion  of  the  analytic  methodologies  be  undertaken  for  each  of  the  compounds 
to  be  studied  in  the  pilot  phase  of  the  RMA  conprehensive  survey  for  the 
purpose  of  interim  validation  of  sampling,  handling  and  preservation 
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methodology.  This  is  necessary  to  ensure  that  the  pilot  phase  of  the 
Interim  Geohydrological  Pilot  Program  can  proceed  according  to  the  time 
table  established. 

The  development  of  final  protocols  is  underway  at  Edgewood 
Arsenal.  Interim  protocols,  based  v^on  the  recommendations  below,  are 
intended  to  be  considered  in  conjunction  and  consultation  with  personnel 
from  Edgewood  Arsenal  and  Fort  Detrick,  and  should  be  replaced  where 
appropriate  upon  validation  of  final  protocols  for  the  subject  compounds. 

Additional  Literature.  Other  selected  articles  obtained  in  the 
covirse  of  the  specific  literature  that  were  deemed  appropriate  to  the 
general  nature  of  the  problem  were  selected  and  transmitted  to  the  RMA 
ilALD  personnel .  A  number  of  these  articles  were  discxissed  with  the  ASC 
at  the  March  3  meeting  and  copies  provided  for  the  members.  A  list  of 
these  articles  immediately  follows  this  section. 

The  Environmental  Protection  Agency  has  just  recently  assembled 
a  draft  volume  entitled  Sampling  and  Analysis  Procedures  for  Survey  of 
Industrial  Effluents  for  Priority  Pollutants  (March  1977) .  While  not 
specifically  germaie  to  the  conpoxmds  of  interest,  this  document  does 
contain  recommended  procedures  for  extraction,  storage  and  emulsion 
breaking  that  may  be  of  value  to  RMA  personnel . 

A  copy  of  that  document  is  appended  to  this  report  with  the 
advisement  that  it  is  a  preliminary  document. 

1.  J.  P.  Mieiure.  A  Rapid  and  Sensitive  Method  for  Deter¬ 
mining  Volatile  Organohalides  in  Water.  J.  AWWA 
60-61  (1977). 

2.  J.J.  Richard  and  G.A.  Jmk.  Liquid  Extraction  for  the 
Rapid  Determination  of  Halomethanes  in  Water.  J.AMA 
62-64  (1977). 
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Vol.  57,  604-609  (1974). 
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Vol.  52,  522-526  (1969). 
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and  Cleanup  of  Plant  ^Jaterial  Prior  to  Determination 
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III.  Recoiomeixded  Interim  Validation  Protocols 

As  a  result  of  preliminary  evaluation  and  subsequent  meeting 
with  RMA,  Fort  Detrick,  Edgewood  Arsenal  and  other  members  of  the  Analyt 
ical  Systems  Committee  on  March  2  and  3,  1977,  a  set  of  recommendations 
were  made  and  an  experimental  sequence  was  designed  to  develop  and  assess 
an  analytical  methodology  for  the  eleven  compounds  selected.  This  initial 
recommendation  is  presented  below. 

A.  Initial  Recommendations 

Iftiile  assessment  of  mass  balances  using  radioactively  tagged 
compounds  would  be  the  method  of  choice,  such  studies  are  not  feasible 
within  the  time  frame  of  the  project  and  appear  to  be  prohibitively 
e:q>ensive  based  upon  the  work  of  Dr.  O’Donovan  of  Aerojet. 

The  validity  of  spiking  soil  sanples  to  assess  extraction  ef¬ 
ficiencies  is  of  constant  concern.  Any  procedure  that  does  not  represent 
the  natural  uptake  mechanism  of  a  conpound  onto  the  soil  is  of  question¬ 
able  reliability  in  the  evaluation  of  solvent  extraction  efficiency  for 
recovery  of  soil  contaminants.  In  spite  of  these  potential  problems,  some 
assessment  of  soil  extraction  efficiency  is  necessary  and  the  following 
recommended  procedures  are  intended  to  screen  potentially  useful  extrac¬ 
tion  procedures  with  well-defined  soils  deemed  likely  to  represent  the 
worst  conditions  likely  to  occur  at  RMA  and  provide  some  measure  of  the 
recovery  under  conditions  closely  approximating  those  of  actual  field 
samples . 

There  are  three  aspects  to  this  study,  each  designed  to  yield 
information  about  the  potential  utility  of  solvents  to  be  used  for 
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extraction  of  the  individual  compounds  from  the  pilot  study  program  soil 
samples.  Close  control  of  methodology  and  full  characterization  of  each 
phase  is  intended  in  order  to  provide  retroactive  con^jarison  of  interim 
methodologies  with  procedures  ultimately  developed  by  Edgewood  Arsenal. 

Phase  1.  Solvent  Screening.  The  intent  of  the  following  pro¬ 
cedures  is  to  evaluate  the  potential  loss  of  the  individual  confounds 
irreversibly  onto  the  study  soils  directly  from  extraction  solvents. 

While  this  procedure  will  not  differentiate  between  irreversible  binding 
and  confound  transformation  if  less  than  100%  recovery  is  achieved,  it 
will  serve  as  a  first  step  in  assessing  solvent  acceptability  and  will 
thus  diminish  the  effort  required  in  the  following  phases. 

Two  separate  soil  types  will  be  utilized,  one  of  high  clay 
content  and  one  of  high  organic  content.  It  is  felt  that  these  two  soil 
types  represent  the  worst  expected  conditions.  The  clay  soil  selected 
should  be  that  most  likely  to  present  difficulty  in  compound  recovery  and 
should  by  finally  selected  in  concert  with  Dr.  Timofeeff  and  representa¬ 
tives  of  the  Analytical  Systems  Committee,  especially  those  from  Edgewood 
Arsenal . 

Sufficient  quantities  of  soil  should  be  acquired  and  processed  to 
allow  complete  conduct  of  the  tests  outlined  under  this  section  CHI)  > 
studies  of  sampling,  handling  and  preservation  methodology  validation 
CSectionlV)  and  futxire  studies  with  final  methodologies  emmanating 
from  Edgewood  Arsenal  to  allow  comparison  of  interim  procedures  results 
with  the  results  of  final  methods.  From  these  latter  undertakings, 
significant  differences  in  the  two  methods  can  at  least  yield  data  correc¬ 
tion  factors  to  be  applied  retroactively. 
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Details  of  specific  homogenization  methods  to  ensure  uniformity 
of  the  study  soils  and  individual  sub-sample  removal  procedures  to  ensure 
representation  of  the  whole  san^jle  in  each  study  phase  should  be  in  har¬ 
mony  with  accepted  procedures  and  be  approved  by  the  ASC.  Soil  samples 
are  to  be  sieved  to  provide  full  information  regarding  particle  size 
distribution  and  the  smallest  particle  size  con^atible  with  acceptable 
solvent  flow  through  soil  columns  should  be  utilized.  Alternatively, 
small  particle  sizes  are  to  be  used  but  blended  with  material  of  low 
compound  retake  of  sufficient  size  to  yield  manageable  flow  rates  through 
the  columns. 

Sandies  of  the  final  soil  systems  should  have  surface  area  per 

unit  mass  evaluations  made.  Availability  of  these  determinations  through 

Edgewood  Arsenal  was  indicated  at  the  March  3rd  ASC  meeting. 

For  each  soil,  each  of  the  following  co]iq)ounds: 

Aldrin  p-chlorophenylmethyl  sulfide 

Dieldrin  p-chlorophenylmethyl  sulfoxide 

Endrin  p-chlorophenylmethyl  sulfone 

Isodrin  Dithiane 

DCPD  Oxathiane  (Thioxane) 

DIMP 

will  be  dissolved  in  the  solvent  under  study  in  concentration  sufficient 
to  assure  easy  and  reproducible  analytical  detection.  A  known  volume  of 
the  solvent/ con^jound  solution  will  be  applied  to  the  surface  of  a  5-inch 
coliann  of  soil  (known  moisture  content,  to  be  determined  separately)  as 
a  lense.  Pure  solvent  is  then  to  be  passed  through  the  column  at  a  slow 
flow  rate  (measured)  and  6  fractions  of  20  ml  each  are  to  be  collected 
and  analyzed  for  the  individual  coii5)o;md  by  gas  chromatography.  A  blank, 
control  column  for  each  soil  and  solvent  system  should  be  run  to  evaluate 


18 


extraction  of  substances  from  the  soil  that  might  interfer  with  compound 
analysis. 

If  interfering  substances  are  eluted,  clean-up  procedures  must 
be  developed  and  conventionsil  techniques  could  be  evaluated  directly  on 
the  blank  or  control  column  eluents.  A  cross  check  of  the  clean-x^) 
procedures  on  pure  compound  solutions  (not  applied  to  columns)  should  then 
also  be  made  to  assure  no  confound  loss  through  clean-tq>. 

Rapid  and  essentially  cos^lete  passage  of  the  individual  coa^oxinds 
through  the  column  should  strongly  indicate  the  potential  utility  of 
the  solvent  system  for  field  soil  saa^le  extraction  and  be  subjected  to 
Phase  3  studies  for  final  evaluation. 

Tentative  solvents  are  as  follow; 

Chlorinated  Pesticides  (a)  hexane/ acetone  (1:1) 

0>)  chloroform/methanol  (1:1) 

DIMP  (a)  methanol 

^)  chlorofoim 

DCPD  (a)  methylene  chloride 

(b)  carbon  disulfide 

Sulfur  Conpounds  (a)  chloroform 

^)  acetone 

Phase  2.  Aqueous  Uptake  Assessment 

It  is  intended  that  spiked  soil  san5>les  for  direct  extraction 
efficient^  assessment  be  prepared  by  the  tptake  of  con^jomd  directly 
from  aqueous  solution,  thereby  simulating  natural  uptake.  Quantitation 
of  the  individual  conpound  loading  on  the  study  soils  (those  of  Phase  1 
above)  is  fundamental  to  evaluation  of  extraction  recoveries. 
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To  evaluate  the  feasibility  of  this  jnethod  of  spiking,  small 
scale  studies  for  each  compound  for  each  of  the  soil  types  will  be 
conducted  as  follow: 

Aqueous  solutions  of  known  concentration  for  each  compound  (near 
saturation  for  those  coii5)ounds  of  low  solubility)  will  be  contacted  with 
known  weights  of  soil  (Sg  soil  to  250  ml  of  solution)  for  24  hours  with 
agitation.  Minimal  head  space  conditions  are  to  be  maintained  with 
sealed  flasks.  After  appropriate  solids  separation,  the  residual  concen¬ 
tration  in  the  aqueous  phase  will  be  determined.  High  losses  to  the  soli 
phase  are  sought  and  e:q>ected  for  most  compounds  and  if  achieved,  additio 
solution  contact  will  be  made  to  achieve  adequate  loadings  on  the  soil. 

Failure  to  obtain  significant  transfer  to  the  soil  would  inqjly 
that  field  samples  would  be  expected  to  have  low  uptake  of  the  materials 
from  solution  (directly  but  not  as  the  result  of  interstitial  water 
evaporation) .  Under  this  condition,  evaporative  spiking  might  be  better 
justified. 

Given  adeqxiate  uptake,  a  mechanism  for  spiking  has  been  achieve 
that  likely  reflects  the  actual  field  samples  and  allows  quantitation  c 
the  soil  content  of  the  individual  compounds.  Additionally,  information 
regarding  the  partitioning  of  the  compound  between  the  aqueous  phase  anc 
the  soil  will  have  been  obtained  which  will  be  of  value  in  transport 
assessment  and  modelling. 

To  obtain  sufficient  spiked  soil  for  extraction  efficiency  eval 
at  ion,  the  procedures  would  be  repeated  on  large  volumes  of  soil  and 
solution  in  mechanically  stirred  carboys.  These  soil  samples  would  als 
be  employed  in  SectionlV  upon  successful  extraction  solvent  evaluation. 
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Phase  3,  Solvent  Extraction  Efficiency  Assessment 
Soils  spiked  by  procedures  of  Phase  2  and  thus  of  known  conqjound 
content  should  be  drained  by  gravity  to  essentially  field  capacity. 

Actual  moisture  content  is  to  be  evaluated  for  each  sample.  Known  wet 
weights  of  soil  for  each  compound  will  be  subjected  to  batch  extraction 
with  the  solvents  of  Phase  1  (or  their  replacements  if  not  suitable)  to 
evaluate  recovery  efficiency.  If  efficiencies  are  less  than  90%  ad¬ 
ditional  extractions  should  be  undertaken  to  determine  if  low  recovery 
is  due  to  poor  partitioning  into  the  solvent  or  loss  of  the  conpound  onto 
the  soil  (irreversible  binding  or  compound  degradation) .  Up  to  three 
batch  extractions  should  be  made  (assuming  satisfactory  detection  limits) . 

For  repeated  extractions  yielding  reproducible  stepwise  recoveries 
of  appreciable  amount  but  total  recovery  of  less  than  90%,  soxhlet 
extractions  should  be  evaluated  for  enhanced  recovery. 

It  is  to  be  noted  that  if  acceptable  recoveries  are  obtained, 
actual  processing  of  samples  may  be  undertaken  by  column  elution  of 
sanples  rather  than  batch  extraction  or  so:dilet  paading  the  results  of  the 
above  studies. 

B.  Results  Based  on  Initial  Recommendations 
1.  Background 

The  studies  outlined  in  the  initial  recommendations  (A.  above) 
had  not  been  conpleted  at  the  time  of  this  report.  In  some  instances, 
discontinuation  and/or  modification  of  these  recommendations  was  instituted. 
Inplementation  of  recommended  interim  analytical  protocols  required  exten¬ 
sive  analytical  development  which  has  not  been  conpleted  within  the  pro¬ 
jected  time  frame  of  this  project.  A  combination  of  factors  is  responsible 
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for  this  problem.  These  include: 

(a)  Manpower.  Originally  projected  increases  in  MALD 
staffing  which  were  intended  in  part  to  stpport  the  methods  of  develop¬ 
ment  at  work,  did  not  occur.  Furthermore,  while  MALD  has  not  mdergone 
any  direct  manpower  reduction,  RMA  has  undergone  and  is  continuing  to 
undergo  a  reduction  in  force  exceeding  50%  of  total  personnel.  Such 
processes  and  attendant  perturbations  are  always  accompanied  by  reductions 
in  work  efficiency  related  to  personnel  morale  even  among  those  not 
directly  affected. 

Cbj  Priorities  Establishment .  Within  existing  manpower 
availability,  other  activities  such  as  analysis  of  routine  samples  for 
water  monitoring.  Quality  Control  Assessment  and  special  short  term 
intensive  studies  have  been  given  higher  priority  than  the  Validation 
Program.  The  large  analytical  load  required  for  these  projects  has 
limited  analyses  of  sanples  for  the  Validation  Program  Studies  and  con¬ 
sequently  has  contributed  to  the  delay  in  achieving  the  original  ob¬ 
jectives.  Other  nonanalytical  delays,  related  to  man  power  have  occurred, 
including  soil  acquisition  and  processing,  and  have  also  contributed  to 
this  delay. 

Acquisition  of  additional  staff,  as  originally  planned,  would 
have  allowed  achievement  of  the  original  project  goals  without  interfer¬ 
ing  with  laboratory  priorities,  therefore  problems  1  §  2  are  interrelated 
in  their  inpact  on  the  project. 

(c)  Analytical  Difficulties.  Further  aggravation  of  the 
problem  in  achieving  the  goals  of  the  proposed  Validation  program  and  main 
taining  the  projected  timetable  relates  to  specific  difficulties  in  routin 
analytical  procedures  caused  by  instrumentation  unreliabilities  and 
inadequacies.  The  former,  potentially  an  interface  problem  between  GC  and 


the  computer  system  which  should  be  resolved  by  the  vendor.  The  latter, 
lack  o£  adequate  gas  flow  control  on  the  flame  photometric  sulfur  de¬ 
tector,  is  being  resolved  by  installation  of  constant  flow  controllers. 

The  end  result  of  these  analytical  problems  has  been  to  greatly 
increase  the  time  and  manpower  required  per  analysis  and  therefore  to 
decrease  the  rate  of  attainment  of  the  Validation  results. 

2.  MALD  Study  Results 

Those  results  from  the  3  phases  originally  recommended  are  pre¬ 
sented  below  in  conjunction  with  indications  as  to  where  procedures 
differed  from  initial  experimental  design. 

(a)  Phase  1.  Solvent  Screening.  Only  results  from  the  clay 
soils  have  been  received  formally  but  verbal  communication  indicated 
that  similar  behavior  occurred.  For  the  clay  soil,  columns  of  clay  soil 
were  loaded  with  60  Vg/60g  of  the  individual  compounds  in  a  particular 
solvent  as  a  lease  and  then  flushed  through  the  column.  Fractions 
collected  were  analyzed  for  the  compound  and  mass  recovery  was  computed. 
Results  of  this  work,  as  reported  to  the  contractor,  are  given  in 
Table  III-l.  MALD  personnel  speculate  that  low  recoveries  for  some  of 
the  chlorinated  pesticides  relate  to  analytical  interferences  since  the 
collected  solvent  had  not  been  siibjected  to  clean  tp  procedures  prior  to 
analysis.  Additional  comment  relative  to  the  high  recoveries  suggested 
solvent  evaporation  during  sample  collection  as  a  concentration  factor 
leading  to  slightly  high  values. 

MALD  has  indicated  that  clean  up  procedures  are  to  be  inves¬ 
tigated  for  all  compounds  to  be  extracted  from  soils. 

Based  ipon  preliminary  results  in  clay  soil  and  heavy  analytical 
demands,  further  solvent  screening  was  not  conducted. 
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TABLE  III-l.  COMPOUND  RECOVERIES  FROM  CLAY  SOIL  COLUMNS. 


Compound 

Solvent 

%  Recovered 

Aldrin 

Hexane/ Acetone 

52 

Isodrin 

Hexane/ Acetone 

94 

Dieldrin 

Hexane/Acetbne 

72 

Endrin 

Hexane/Acetone 

>100 

DIMP 

Chloroform 

104 

DCPD 

Methylene  Chloride 

113 

Thioxane 

Chloroform 

97 

Dithiane 

Chloroform 

106 

p~Chlorophenyl  methyl  Sulfide 

Chloroform 

110 

p-Chlorophenyl  methyl  Sulfoxide 

Chloroform 

102 

p-Chlorophenyl  methyl  Solfone 

Chloroform 

103 

Coii5)ound  loadings  were  per  gram  of  soil  in  the  column. 
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(b)  Phase  2.  Aqueoxis  Uptake  Assessment.  Rather  than 
work  individually  with  the  eleven  congiounds,  MALD  elected  to  work 
directly  with  the  Carboy  scale  and  all  eleven  con^jounds  combined. 

For  preparation  of  the  spiked  water,  excess  quantities  of 
each  coii5)ound  were  added  to  19  liters  of  distilled  water  and  the  system 
was  then  stirred  for  24  hours.  Gravity  filtration  and  conpound  analysis 
by  established  water  analysis  procedures  yielded  the  results  in  Table 
III-2,  (first  column).  Duplicate  analyses  were  performed. 

Two  soil  samples,  (1  organic  6  1  clay) ,  were  contacted  with  an  8- 
liter  portion  of  the  aqueous  solution  for  24  hours  and  the  aqueous  phase 
was  analyzed  after  gravity  separation  of  the  suspended  soil.  These 
results  are  also  given  in  Table  III- 2. 

Significant  uptakes  of  the  chlorinated  pesticides  by  both  soils 
is  indicated.  Little  uptake  of  DIMP  was  observed.  Similar  observations 
apply  to  thioxane  on  both  soils  and  dithiane  on  clay. 

While  high  uptake  of  p-chlorophenyl  methyl  sulfide  is  indicated 
upon  initial  examination,  low  uptakes  of  the  sulfone  and  sulfoxide  in 
most  cases  and  much  greater  than  100%  recovery  from  solution  in  one 
case  suggest  oxidation  is  occurring  in  solution  or  at  the  soil  surface. 
Additional  study  was  implemented  for  these  compounds. 

Following  similar  procedures,  the  individual  compounds  were 
spiked  in  aqueous  solution  yielding  concentrations  of  84.5,  102.7  and 
105.0  iJg/1  respectively  for  the  sulfide,  sulfoxide  and  sulfone.  Contact 
with  soil  at  31.25  g/1  distilled  water  (125g/4  liter  for  sulfide,  25g/ 

800  ml  for  sulfoxide  and  sulfone)  for  24  hours  has  been  conducted.  No 
data  have  been  supplied. 

The  existing  data  indicate  first  that  adsorption  from  aqueous 
solution  is  not  likely  to  be  an  effective  spiking  procedure  for  the 
sulfoxide  and  the  sulfone. 
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TABLE  III-2.  SOIL  SPIKING  EXPERIMENTAL  RESULTS. 

(All  concentrations  in  vg/l). 


Water  Concentration  After 
Contact  with  Soil. 

Initial  Water  - 

Concentrations  Clay  Organic 


Confound 

Raw 

Avg. 

Raw 

Avg. 

Raw 

Avg. 

Aldrin 

4.57 

5.28 

N.D. 

N.D. 

1.17 

1.39 

5.98 

1.56 

Zsodrin 

3.18 

3.32 

0.42 

0.42 

1.24 

1.32 

3.45 

0.43 

1.39 

Dieldrin 

6.77 

6.74 

2.05 

2.10 

N.D. 

N.D. 

6.70 

2.14 

Endrin 

11.3 

11.6 

3.54 

3.56 

N.D. 

N.D. 

** 

11.9 

3.59 

DIMP 

105 

106 

103 

99.5 

97.1 

103 

107 

96.0 

110 

DCPD 

60.3 

65.7 

Concent rat i ons 

too  low 

to 

71.1 

allow  reproducible  results. 

1,4-Thioxane 

126 

126 

109 

107 

106 

107 

127 

105 

108 

1,4-Dithiane 

95 

95 

72 

76 

55 

55 

95 

95 

80 

55 

p- chi oropheny 1 

106 

106 

26 

27 

N.D. 

N.D. 

methyl  sulfide 

107 

28 

p- chi or opheny 1 

117 

118 

115 

114 

153 

154 

methyl  solfoxide 

118 

114 

156 

p- chi oropheny 1 

111 

111 

108 

111 

103 

105 

methyl  sulfone 

111 

114 

107 
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While  initial  examination  of  the  sulfide  behavior  would  sug¬ 
gest  that  effective  spiking  was  achieved,  other  evidence  (phase  3) 
indicates  that  the  con^jound  is  converted  to  the  sulfoxide  and/or 
sulfone  in  solution. 

(c)  Phase  3.  Solvent  Extraction  Efficiency  Assessment. 

The  original  11  con5)ound  "spiked  soil"  was  subjected  to  initial  recovery 
studies.  These  data  are  summarized  in  Table  III- 3.  At  the  time  of 
report  preparation,  exact  details  of  the  extraction  procedures  had  not 
been  si^jplied  for  this  table.  However,  because  of  the  phase  2  results 
and  problems  associated  therewith,  the  results  in  Table  III-3  are  of 
diminished  importance  at  this  time.  Especially  since  there  are  clear 
indications  of  interferences  in  the  analytical  procedure  for  chlorinated 
organics  with  the  organic  soils  and  general  recovery  problems  with  all 
of  the  sulfur  containing  compounds. 

(d)  Additional  Studies.  Atteupts  to  develop  a  single  soil 
extraction  solvent  for  all  conpound  analyses  using  chloroform  with  sub¬ 
sequent  azeotope  distillation  with  a  suitable  alkane  were  attempted. 
Results  for  standard  water  samples  containing  only  the  chlorinated 
pesticides  are  presented  in  Tables  III-4  and  III-5.  These  results  would 
tend  to  favor  use  of  dual  extraction,  e^ecially  if  the  polytron 
method  to  be  mentioned  below  proves  effective.  The  azeotrope  does  not 
seem  to  sufficiently  eliminate  the  chloroform  to  the  point  of  not 
interfering  with  the  electron  capture  detector. 

C.  Additional  Recommendations 

Based  on  results  obtained  to  date  for  the  development  of  Interim 
Validation  Protocols,  the  following  are  recommended. 
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TABLE  III-4  AZEOTROPE  DISTILLATION  STUDIES  WITH  HEXANE. 


AVG  ng/ml  %  recovery 


SaB^le  A1 

area 

cone. 

based  on 

Aldrin 

256481 

427 

90.1 

Isodrin 

115270 

209 

38.8 

Diel  drill 

232868 

418 

81.5 

Endrin 

94227 

309 

61.7 

San^le  A2 

Aldrin 

238908 

398 

84.0 

Isodrin 

101909 

185 

34.3 

Dieldrin 

196378 

359 

70.0 

Endrin 

95146 

311 

62.1 

Sample  A3 

Aldrin 

240379 

401 

84.7 

Isodrin 

121350 

220 

40.9 

Dieldrin 

208681 

379 

73.9 

Endrin 

107870 

346 

69.1 

average  area  of  CHCl^ 


in  sauries  was  3x10 
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TABLE  III-5  AZEOTROPE  DISTILLATION  STUDIES  WITH  ISO-OCTANE 


Saiple  HS-700 

AVG 

area 

Cone,  ng/ml 

%  recovery- 
based  on  HS-700 

Aldrin 

298552 

461 

Isodrin 

274182 

461 

Dieldrin 

269956 

458 

Endrin 

Sample  HI -700 

131830 

453 

Aldrin 

233278 

360 

78.1 

Isodrin 

215616 

362 

78.5 

Dieldrin 

204976 

348 

76.0 

Endrin 

101774 

349 

77.0 

Sample  H2-700 

Aldrin 

237393 

367 

79.6 

Isodrin 

219153 

368 

79.8 

Dieldrin 

207760 

353 

77.1 

Endrin 

104800 

360 

79.5 

CHCI2  present  in  the  extracts. 
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1.  In  light  of  the  previously  discussed  low  iq)take  from 
aqueous  solution  of  conpounds  by  soil  and  the  attendant  uncertainty 
in  the  loading  of  these  conpounds  on  soil,  the  percent  extraction 
recovery  as  determined  by  MALD  is  subject  to  a  large  propagated  error. 
Consequently,  although  it  is  not  the  most  desireable  methodology, 

it  is  recommended  that  direct  spiking  of  soil  be  acconplished  by  ad¬ 
dition  of  conpound(s)  in  a  statable  organic  solvent.  Subsequent 
extraction  of  such  soil  sauries  will  provide  a  value  for  the  maximum 
extraction  efficiency.  These  spiking  studies  should  utilize  both  wet 
and  dry  soil  samples  as  indicated  in  Reference  8  of  Section  II,  page  12. 
Based  on  results  of  conparative  Soxhlet  and  Polytron  extraction  efficiency, 
the  use  of  the  polytron  is  recommended.  Data  from  these  studies  can  be 
compared  tdth  those  which  have  been  obtained  on  the  samples  for  which  the 
compounds  had  been  supplied  from  aqueous  solution. 

2.  Based  on  the  results  of  the  analysis  of  soil  samples,  in 
particular  those  for  pesticides  in  which  there  were  apparent  recoveries 
in  excess  of  100%,  it  is  recommended  that  clean-up  procedures  be  adopted. 
A  primary  reason  for  such  clean-ip  is  the  removal  of  interfering  com¬ 
pounds  from  the  sanple.  In  the  development  of  clean-up  procedures,  the 
recovery  of  the  compounds  to  be  analyzed  must  be  determined  to  validate 
the  appropriateness  of  the  cleanup  procedure.  Another  important  reason 
for  the  utilization  of  clean-up  procedures  is  the  reduction  of  possible 
degradation  or  reaction  of  the  compounds  of  interest  in  the  inlet  or  on 
the  column  due  to  catalysis  by  or  reaction  with  other  compounds.  To 
establish  the  significance  of  such  reaction  in  the  absence  of  clean-ip 
and  their  elimination  by  appropriate  clean-ip  measures,  it  is  recommended 
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that  analysis  of  extracts  and  of  extracts  which  have  been  spiked  with  a 
known  amount  of  compound  be  conducted.  If  the  analytical  sensitivity 
(slope  of  calibration  curve  or  response  factor)  is  found  to  be  the  same 
for  spiked  samples  as  it  is  for  standards,  this  is  indicative  that  no 
interference  has  been  encountered.  Finally,  if  an  appropriate  internal 
standard  can  be  found,  its  use  in  the  analytical  procedure  should  be 
adopted.  An  appropriate  internal  standard  is  a  coa^oimd  of  similar 
physicochemical  characteristics  to  the  analytes  but  which  is  absent  in 
the  environmental  saii5)les.  It  must  produce  a  unique  chromotographic 
peak.  Ihe  internal  standard  should  be  added  to  the  soil  saii;>le  prior 
to  extraction. 

These  comments  apply  particularly  to  the  sulfur  species  but 
cannot  be  overlooked  for  DIMP. 

3.  Conflicting  e::q)eriences  by  RMA-MALD  and  Aerojet  personnel 
as  to  the  stability  of  DCPD  ammended  soils  and  solutions  and  the  pre¬ 
liminary  results  of  this  study  with  regard  to  iqptake  of  DCPD  by  soil  and 
its  subsequent  recoveiy  from  the  soil  casts  doubt  on  the  meaningfulness 
of  DCPD  analyses  on  soils.  IMtil  such  time  as  adequate  methodology  has 
been  developed  it  is  recommended  that  analysis  of  DCPD  in  soil  not  be 
conducted. 

4.  If  clean  iip  procedures  and  standards  additions  do  not 
resolve  the  recovery  problems  with  the  sulfur  coapounds,  the  p-chloro- 
phenyl  methyl  compounds  should  be  reported  as  a  lunped  value  in  weight  of 
sulfur.  For  the  Thioxane  and  Dithiane,  if  low  recoveries  can  not  be 
attributed  to  analytical  interferences,  the  current  time  limitations 
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preclude  further  developmental  work.  Values  determined  with  existing 
methodology  will  simply  have  to  be  recorded  for  the  pilot  study  with 
future  reevaluation  based  on  final  methods  development  from  Edgewood 
Arsenal . 

5.  Evaluation  of  the  polytron  system  should  be  made  with  the  spiked 
soils  since  this  system  will  be  essential  to  san5)le  processing  re¬ 
quirements  in  light  of  section  IV  recommendations. 

IV.  Validation  of  Sampling,  Handling  and  Preservation  Methodology 

A.  Initial  Recommendations 

Siibsequent  to  establishing  the  required  extraction,  clean-ip 
and  analysis  interim  protocols  as  described  above.  Section  B,  these 
protocols  will  be  used  in  the  validation  of  sampling,  handling  and 
preservation  methods  for  the  Pilot  Soil/Water  Sampling  Program.  Of 
paramount  importance  is  the  determination  of  the  time  course  for  recovery 
of  compounds  from  stored  soil  samples.  Both  spiked  soil  samples  and 
homogenized  core  sample  horizons  should  be  studied.  Storage  periods 
of  ip  to  90  days,  under  refrigerated  and  amibient  temperature  conditions 
should  be  used  and  fractions  of  the  soils  should  be  taken  for  extrac¬ 
tion  and  analysis  after  1,  3,  7,  14,  28,  60  and  90  days.  The  samples 
should  be  stored  in  sealed  containers.  In  addition,  samples  should  be 
stored  in  trays  to  evaluate  the  effect  of  maximum  atmospheric  exposure. 

B.  Final  Recommendations 

In  light  of  problems  discussed  in  the  previous  section,  the 
recomnnendations  of  A  above  cannot  be  accomplished.  Therefore,  it  is 
recommended  that  immediate  extraction  of  soil  samples  be  practiced. 
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coimneTisurate  with  EPA  recommendations.  Solvent  solutions  after 
extraction  should  be  stored  at  -15°C  until  analysis  can  be 
accomplished. 

Quite  clearly,  this  will  necessitate  that  the  rate  of  drilling 
in  the  study  be  regulated  by  MALD's  ability  to  process  sanples  through 
the  extraction  stage.  While  not  desireable,  in  the  absence  of  information 
to  the  contrary,  the  soil  cores  must  be  assumed  to  be  unstable  with 
respect  to  the  compounds  of  interest. 

V.  Evaluation  of  Pilot  Program  Field  Procedures 

In  light  of  program  delays  and  failure  of  the  original  time 
•table  relative  to  interim  methods  development,  activity  in  this  task 
could  not  be  addressed  even  after  a  60  day  extention  of  the  original 
contract  duration,  as  no  cores  had  been  drilled  to  that  time. 


APPENDIX  A 

SAMPLING  AND  ANALYSIS  PROCEDDPES  FOR 
SURVEY  OF  INDUSTRIAL  EFFLUENTS  FOR  PRIORITY  POLLUTANTS 


aMPLING  .ANALYSIS  PROCEDUKSS-  FOR 


SJSVEY  OF  INDUSTRIAL  EFFLUEIJTS  FOR  PRIORITY  POLLUTANTS 


U,S.  ENVIRONI-IENTAL  PROTECTION  AGENCY 
EN^7IRONNSNTAL  llONITORING  AND  SUPPORT  lABORATORY 
CINCINNATI,  OHIO  45268 


NiARCH  1977 


FOREWORD 


--  These  guidelines  for  sampling  and  analysis  of  industrial  wastes 
have  teen  prepared  by  the  staff  of  the  Environmental  Monitoring  and 
Support  Laboratory,  at  the  request  of  the  Effluent  Guidelines  Division, 
Office  of  Water  and  Hazardous  Wastes,  and  vdth  the  cooperation  of  the 
Environmental  Research  Laboratory,  Athens,  Georgia.  The  procedures 
represent  the  current  state-of-the-art  but  improvements  are  anticipated 
as  more  experience  with  a  wide  variety  of  industrial  wastes  is  obtained. 
User'S'Of  these  methods  are  encouraged  tondentify  problems -.encountered  and 
-assist  in  updating  the  test  procedures  by  contacting  the  Environmental 
Monitoring  and  Support  Laboratory,  ERA,  Cincinnati,  Ohio  45268. 


Collection  of  San-.ole 


Collection  of  Composite  Samnles  for  Liquid-Liauid  Extraction 


Collect  a  72  hour  composite  sample.  The  maximum  time 
interval  between  aliquot  samples  shall  be  no  longer  than  30  . 
minutes.  The  minimum  aliquot  size  shall  be  50  ml.  The 
sample  must  be  collected  with  an  automatic  sampler  using 
the  equipment  and  methcds  outlined  below.  Minimum  composite 
volume  must  be  2  1/2  gallons. 


Autonatic  Samole  Collection 


Sampler  -  A  peristaltic  pump  automatic  sampler  vrith 
timer  and  a  single -glass  compositing  jug- is  required.  The 
2  1/2  -  3  gallon  compositing  bottle  must  be  glass  and  cleaned 
as  outlined  below.  New  unused  tubing  must  be  used  for  the 
sampling  line  and  for  the  pump  for  each  individual  outfall 
or  sample  location.  Vacuum  type  automatic  samplers  may  be 
used  provided  that  the  sample  chambers  are  glass  and  that 
they  are  cleaned  after  every  use  as  outlined  for  glass'  com¬ 
posite  containers.  For  raw  discharges,  the  velocities  in 
the  sample  line  should  approach  2  feet  per  second.  Place 
the  sampler  or  composite  sample  container  in  an  insulated 
chest  and  ice.  Maintain  the  sample  at  4‘’C  during  the  com¬ 
positing  procedure.  At  the  completion  of  the  compositing 
period  seal  the  2  1/2  -  3  gallon  compositing  container  w’ith 
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a  teflon  lined  cap.  Place  the  coir.positirg  container 
in  ah  insulated  shipping  container,  ice,  and  seal  according  ■ 
to  chain  of  custody  procedures,  then  ship  to  the  analytical 
laboratory.-  Maintain  at  4®C  during  transport  and  storage 
prior  to  analysis.  ...  ....  -  .  . 

When  more  than  one  laboratory  is  involved  in  the  analysis 
of  the  various  parameters,  the  sample  should  be  divided  in 
the  field.  ■  Por  purposes  of  this  survey,  divide  the  composite 
sample  into  three  parts:  one  for  metcils  analysis,  one  for 
pesticide  analysis,  and  one  for  GC/MS  compound  survey. 

Directions  for  the  Field  Division  of  the  Composite  Sample  ■ 
Blend  the  composite  sample  to  provide  a  homogeneous  mixture 
including  a  representative  suspension  of  any  solids  in  the 
container.  Wo  specific  method ‘is  required hand .  stirring  •  ■ 
V7ith  clean  glass  or  Teflon  rods,  mechanical  paddles  or  magnetic 
mixing  with  Teflon  coated  stirring  bars  -may  be  used.  Metal 
mixing  devices  may  not  be  used. 

Metals  -  Withdraw  a  well  blended  aliquot  of  the  composite 
sample.  Using  a  glass  funnel,  rinse  the  sample  container 
with  a  small  portion  of  the  sample,  then  transfer  1-liter  of 
sample  to  the  bottle.  Preserve  V7ith  1  .ml  of  concentrated 
nitric  acid.  Seal  and  prepare  for  shipment  as  described  above 

Pesticides  -  Withdraw  three  liters  of  w’ell-blended 
sample,  then  using  a  glass  funnel  transfer  the  sample  to  a 
narrow  mouth  one-gallon  glass  bottle  that  has  been  prepared 


in  the  same  manner  as  the  composite  sample  container.  Seal 
vith  a -Teflon  lined  cap  and  prepare  for  shipment  as  described 


above . 


GC/MS  Sample  -  Seal  the  remaining  sample  in  the  composite 

container  or  other  appropriate  size  glass  bottle  and  prepare 

/ 

for  shioment  as  described  above. 


Field  Blank  Procedure  for  Automatic  Samolers 


•  Blank  Water  -  Blank  vjater  must  be  as  free  from  organic 

interferences  as  possible.  The  analytical  laboratory  should 

supply  this  water  in  bulk  class  containers  (minimum  of  five  lii 

for  field *use.  The  supplying" laboratory  shall  analyze  the 

blank  vjater  to  determine  the  organic  background  that  may  be 

■present.  . 

•  .•  ^  • 

Procedure  -  All  tubing  and  other  parts  of  the  sampling 
system  must  be  scrubbed  with  hot  detergent  water  and  thorough 
rinsed  with  tap  water  and  blank  vzater  prior  to  use.  Further 
rinsing  with  interference  free  acetone  and  methylene  chlorids 
is  advised  when  tubing  and  other  parts  permit,  i.e. ,  are  not 
susceptible  to  dissolution  by  the  solvent.  [Note:  Tygon 
plastic  tubing  is  a  source  of  phthalate  ester  contamination. 
V7here  its  use  is  required,  i.e.,  in  the  peristaltic  pump, 
the  length  must  be  kept  as  short  as  possible.  Teflon  is 
acceptable  and  may  be  used  in  other  parts  of  the  sampling 
system  as  required.]  Cut  the  sampler  tubing  to  length  at 
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the  laboratory,  but  do  not  inotall  on  the  equipment. 


In -the 


\ 

'field,  ‘ pump- tv70  liters  of -blank  .v/ater  through  the  sampling 
line  and  pump  tubing  and  discaid.  Then  pump  three  liters 
of  blank  water,  through  the  system  and  collect  as  a  blank 
-in  a  .1-gallon  sample  bottle -tha.t  has  been  prepared  as  described 
belw.  Seal  the  bottle  v/ith  a  Teflon  lined  cap.  Immediately 
ice  the  blank  (4®C)  .and  maintain  at  {4*^0  during  transport 
and  storage  prior  to  analysis. 


Composite  Container  -  Prepeure  narrovz-mouth  3  gallon 
glass  sample  bottles  for  use  by  washing  v.ith  hot  detergent 
water  and  thoroughly  rinsing  with  tap  vrater  and  blank  water. 
Heat  the  bottles  at  40‘0*C  in  a  muffle- furnace  or  dry  heat 
steriliser  for  30  minutes  or  alternatively,  rinse  with  inter 
-ference  free  acetone  and  methylene  chloride  and  air  dry  at 
room  temperature  protected  from  atmospheric  or  other  sources 
o.f  contamination.  Caps  for  the  bottles  must  be  lined  with 
Teflon  which  has  been  solvent  rinsed  as  above. 


Collection  of  Grab  Samples 

\ 

Collect  grab  samples  (a  minimum  of  one  per  day)  for  the 
analysis  of  phenol,  cyanide,  mercury  and  volatile  organics 
(purgable) .  Collect  samples  from  the  raw  process  discharge, 
the  treated  effluent,  and  the  treated  effluent  after  chlorin¬ 
ation,  when  chlorination  is  practiced.  It  is  recommended 
that  the  samoles  be  collected  from  mid-channel  at  mid-deoth. 
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'  Samples- s-hould  be  collected  at.  a  turbulent,  well  mi:-:ed  ,  . 
ssetion  of  the  ciiannel.  ... 

Cyanide  (Total)  .  • 

...Container  -  Use  new.  one-liter  plastic  bottles  that 
will  not  contaminate  the  sample:  VJash  the  bottles  and  caps 
with  hot  detergent  V7ater  and  thoroughly  rinse  v;ith  tap  water 
and  blank  water. 

Collect  a  1-liter  sample. 

Preservation  -  At  the  time  of  collection,  add  2  ml 
of  10  11  sodium  hydroxide  per  liter  (pH  _^12)  .  Oxidizing  agen-t 
such  as  chlorine  decompose  most  of  the  cyanides.  Test  a  droi 
-of  the  sample  at  the  time  of  collection  with  potassium  iodidi 
starch  test  paper  (iCI-starch  paper)  ;  a  blue  color  indicates 
the  need  for  treatment.  Add  ascorbic  acid,  a  fev;  crystals 
at  a  time,  until  a  drop  of  the  sample  produces  no  color  on 
the  indicator  paper.  Then  add  an  additicnal  0.6  g  of  ascorbi 
acid  for  each  liter  of  sample  volume. 

Seal  the  sample  bottles  and  place  in  an  insulated 
chest  and  ice  (4®)  .  Seal  the  chest  and  ship  to  the  analytic 
laboratory.  Maintain  at  4®C  during  transport  and  storage 
(out  of  light)  .prior  to  analysis. 

Mercury 


Container  -  Use  new  1-liter  plastic  bottles 


cleaned 
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before  use  as  described  in-  "Methods 
•of-V7ater  and  V?astes,”  paragraph  4.1, 
Appendix  IV)  .  Rinse  the  bottle  V/ith 
prior  to  filling  v/ith  sample. 


for  Chemical  Analysis 
page  SI ,  1974  (see 
a  portion  of  sample 


Collect  a  one-liter  sample. 


Preservation  -  At  time  of  collection,  acidify  the  sample 
by  addition  of  redistilled,  concentrated  nitric  acid  (5  ml/1)  . 
After  acid  addition,  mix  and  check  pH  v/ith  pH  paper  having  a 
range  of  1  to  12.  .  If  pH  is  not  2  or  below,  add  more  acid 
until  pH  2  is  reached.  The  volume  of  additional  acid  should 
be  noted  on  the  sample  tag.  (Maximum 'holding  time  under 
these  conditions  is  six  months.)  Seal  the  sample  bottles, 
place’ in ■  shipping  container,-' seal -and  ship  to  the  analytical 
laboratory. 

Phenols 

Container  -  Use  new  one-liter  glass  bottles.  Wash  the 
bottle  and  Teflon  cap  liner  v/ith  hot  detergent  ■V'/ater  and 
thoroughly  rinse  v-/ith  tap  v/ater  and  blank  v-zater. 

Collect  a  1-liter  sample. 

Preservation  -  At  time  of  collection,  acidify  the 
sample  by  addition  of  phosphoric  acid  or  sulfuric  to  pK  4. 
Note  volume  of  acid  added  on  sample. tsg.  Seal  bottle,  place 
in  insulated  chest  and  ice  (4®C)  .  Seal  chest  and  ship  to 
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cihalytical  laboratory.  Maintain  at  4'''C  during  transport  '■ 

\ 

■ana  storage  (out  of  light)  prior  to  analysis.  -  ;  r 

Volatile  Organics  (Purge  and  Trap  Method). 

I 

•  •  Containers  -  Use  45  ml  screw  cap  glass  vials  v;ith  Teflon 

/ 

faced  silicone  septa: 

Vials -  Pierce  #13074  or  equivalent 
Septa -  Pierce  #12722  cr  equivalent 
-  —  •I7ash  the  bottles,  septa,- and  caps  vrith  hot -detergent 
'wat^  aiTd  thoroughly  rinse -v;ith  tap  v;ater  and  blank  v;ater. 
Heat  the  bottles  and  septa  at  105®C  for  one  hour,  cool  to 
room  temperature  in  an  enclosed  contaminant  free  area. 

V7hen  cool,  seal  bottles  with  septa  (Teflon  side  down)  and 
■••scre^- cap.  Maintain  the  tettles  in  this  condition  until  just 
prior  to  filling  v7ith  blank  water  or  sample. 

Collect  duplicate  45  ml  samples  each  time  samples  are 
collected,  i.e.,  once  during  each  day  for  three  days.  Tv70 
blank  water  samples,  sealed  in  45  ml  vials,  are  to  accompany 
the  sample  bottles  during  shipment  to  and  from  the  sampling 
site.  If  preservation  is  to  be  used,  collect  four  samples  dui 
each  sampling  period.  Two  should  be  preserved  and  tv;o  not 
preserved.  Tiv'o  preserved  and  two  non-preserved  blanks  are 
to  be  provided. 


Available  from  Pierce,  Inc., 


(a) 


Box  117,  Rockford,  IL  61105 


Filling  and  Sealing  Uottlss'-  Slcvly  fill  each ' container 
■  i::o'’C7er flowing .  Carefully  •set-the  container  on  a  level  "  •  ' 

.  .  surface.  Place  the  septuai  (Teflon  side  dov^n)  on  the  convex 
sample  meniscus.  Seal  the  sample  with  the  screw  cap.  To 
•  •^insure  that. the  sample  has  been~properly  sealed,'  invert-  j..- 
the  sample  and  lightly  tap  the  lid  on  a  solid  surface.  The 
absence  of  entrapped  air  bubbles  indicates  a  proper  seal.. 

If  air  bubbles  are  present,  open  the  bottle,  add  additional 
— sample,-  and  reseal.  The" sampi'e'nust  remain  hermetically  n 
•■■■sealed  until  it  is  analysed.  ■■■■■  "  ■ 


Preservation  -  Preservative  (soditm  thiosulfate  or 
sodium  bisulfite)  is. used  to  stabilize  samples  containing 
residual  chlorine.  The  production  of  chloroform  and  other  ^ 
"haloforms  continues  in  such  samples  if  they  are  •  not"  stabilized 
Waste  streams  that  have  been  treated  v;ith  chlorine  should  be 
tested  on  site  to  determine  vrhether  or  not  preservative  is 
needed.  If  preservation  is  required,  collect  both  preserved 
and  non-preserved  samples.  Wrap  the  samples  with  water  proof 
packing  material,  place  in  an  insulated ’chest  and  ice  at  4®C. 
Maintain  at  4®C  during  transport  and  storage  prior  to  analysis. 

Identification  of  Samples 

All  samples  and  blanks  must  be  carefully  identified 
using  v;ater  proof  labels  and  waterproof  ink.  Include  the 
following  information  on  the'lcbel:  sample  number, 


date  and 


and 


hour- of-,  ■sanplii'-g,  complete  information  as  to  souico 
■  •-sampling  point,  preservative,  added,  if  any,  and  nam-e  of 
collecting  the  sample  (include  address  and/or  phone  numb 


Volatile  Organics  (Purge  and 


Tra p  Me  th o g ) 


Scope 

■This  methDd  is  designed  to  determine  those  "unambiguous 
priority  pollutants",  associated  with -the  Consent  Decree, 
that  are  amenable  to  the  pxarge  and  trap  method.  These  com¬ 
pounds  are  listed  in  Table  I  of  this  section.  It  is  a  gas 
chromatographic/mass  spectrometric  method  intended  for  guali- 
-tative  and  semi-quantitative  determination  of  these  compounds 
during  the  survey  phase  of  the  industrial  effluent  study. 

Certain  compounds,  acrolein  and  acrylonitrile,  are  not 
efficiently  recovered  by  this  method  and  should  be  determined 
by  direct  aqueous  injection  gas  chromatography.  Direct  aqueoi 
injection  GC  is  recommended  for  all  compounds  that  exceed 
1000  yg/1.  . 

Special  Apparatus  and  Materials 

Sample  extraction  apparatus  (minimum  requirements)  : 

5-ml  glass  syringes  with  Luer-Lok  -  3  e  ach 
2-way  syringe  valves  (Teflon  or  Kel-F)  -  3  each 
8  inch,  20  gauge  syringe  needle  -  2  each 
5-ml  glass,  gas-tight  syringe,  pressure-lok ^  ^ 
or  equivalent  -  1  each 

Tekmar  Liquid  Sample  Concentrator,  model  LSC-1 
or  equivalent Includes  a  sorbent  trap 


(a) 


(b) 


Available  from  Precision  Sairpling  Corp.  ,  F.O.  Box  15113, 
Baton  Rouge,  L.A  70315 

Available  from  Tekmar  Company,  P.O.  Box  37202, 
Ciiicinnati,  OH  4  5222. 


consisting  of  1/8  in.  O.D.-(O.OS  to  0.105 
■■■■'•  .  in.  I.D.)  X  6  in.  long  stainless  steel  tube  — - 

packed  vith  4  inches  of  Tenax-GC  (50/80  mesh) 
and  2  inches  of  Davison  Type-15  silica  gel 
(35/60  mesh) . 

y 

Gas  Chromatographic  Column  Materials 

Stainless  steel  tubing  1/8  in.  O.D.  (0.09  to  0.105  in. 
I.D.).  Carbopack  C  - (60/80  mesh)  coated  with  0.2%  Carbowax 
1500.'  Supelco  stock  Ko.  1-1826.^^^  Chramosorb-V?  {60-80  mesh) 
coated  v:ith  3%  Carbowax  1500. 

Procedure 


Prejaration  of  Standards  --Prepare  standard  stock  •  ••  — 
solutions  (approximately  2  pg/yl)  by  adding,  from  a  100  pi 
syringe,  1  to  2  drops  of  the  99+%  pure  reference  standard 
to  methanol  (9.8  ml)  contained  in  a  tared  10.  ml  volumetric 
flask  (weighed  to  nearest  0.1  mg).  Add  the  compound  so  that 
the  two  drops  fall  into  the  alcohDl  and  do  not  contact  the 
neck  of  the  flask.  Use  the  weight  gain  to  calculate  the 
concentration  of  the  standard.  Prepare  gaseous  standards, 
i.e.,  vinyl  chloride,  in  a  similar  manner  using  a  5  ml  valved 
gas-tight  syringe  vzith  a  2  in.  needle.  Fill  the  syringe 
(5.0  ml)  with  the  gaseous  compound.  VJeight  the  10  ml  volu¬ 
metric  flask  containing  9.8  ml  of  methyl  alcohol.  Lov;er 
•the  syringe  needle  to  about  5  mm  above  the  methyl  alcohol 


•'c) 


Available  from  Supelco,  Supelco  Park,  Bellefontc,  P.A 


meniscus.'  Slowly  inject  the  standard  into  the  flask.  The 

\ 

■  gas'^ra'pidly  dissolves  in  the -methyl  alcohol.  Rev7eigh  the 
fl'a’sk/  dilute  to  volume,  mix,  tightly  stopper,  and  store  in 
a  freeser.  Such  standards  are  generally  stable  for  at  least 


one  week  when  maintained  at  less  than  0“C.  Stock  standards  .. 


of  compounds  v/hich  boil  above  room  temperature  are  generally 
stable  for  at  least  four  v;eeks  v/hen  stored  at  4®C.  ' 


[Safety  Caution:  Because  of  the  toxicity  of  most  organo- 
halides',  primary  dilutions  must  be  prepared  in  a  hood.  Furth? 
it  is  advisable  to  use  an  approved  respirator  v*hen  handling 
high  concentration  of  such  materials.] 

From  the  primary  dilution  prepare  a  secondary  dilution 
'mixture' in  methyl  alcohol  so- that  20.0  yl  of  the  standard, - 
diluted  to  100.0  ml  in  organic  free  vrater,  will  give  a  standai 
which  produces  a  response  close  to  that  of  the  unknov7n.  Also 
prepare  a  complex  test  mixture  at  a  concentration  of  100  ng/u 
containing  each  of  the  compounds  to  be  determined.  Prepare 
a  20  vg/1  quality  check  sample  from  the  100  ng/ul  standard  by 

dosing  20.0  pi  into  100.0  ml  of  organic' free  water. 

\ 

■  Internal  Standard  Dosing  Solution  -  From  stock  standard 
solutions  prepared  as  above,  add  a  volume  to  give  1000  pg  eac 
of  bromochlorome thane,  2-bromo-l-chloropropane ,  and  1,4- 
dichlorobutane  to  4  5  mi  of  organic  free  (blank  v;ater)  contair 
in  a  50  ml  volumetric  flask,  mix  and  dilute  to  volume.  Prep: 


a  fresh  internal 
"suandarcl  mixture 
analyzed. 

Preliminary  Treatment  of  Sample  -  Remove  samples  from 
cold  storage  (approximately  an  hour  prior  to  analysis)  and 
bring  to  room  teirperature  by  placing  in  a  varm  water  bath 
at  20-25®C. 

Purging  and  Trapping  Procedure  -  Adjust  the  helium  purge 
gas  flow  to  40  ml/rcin.  Set  the  Tekmar  2-way  valve  to  the  ■  - 
purge  position  and  open  the  purging  device  inlet.  Remove 
the  plungers  from  two  5-ml  syringes  and  attach  a  closed  2-way 
syringe  valve  to  each-  Open  the  sample  bottle  and  carefully 
poiif' the"  sample  into  one  of  the  syringes  until  it .  overflows.' 
Replace  the  syringe  plunger  and  compress  the  sample.  Open 
the- syringe  valve  and  vent -any  residual  .air  v;hile  carefully 
adjusting  the  volum.e  to  5.0  ml.  Then  close  the  valve.  Fill 
the  second  syringe  in  an  identical  manner  from  the  same 
sample  bottle-  Use  the  second  syringe  for  a  duplicate  analysi: 
as  needed.  Open  the  syringe  valve,  and  introduce  5.0  yl  of 
the  internal  standard  mixture  through  the  val\e  bore,  then 
close  the  valve.  Attach  the  8  inch  needle  to  the  syringe 
val\e  and  inject  the  sample  into  the  purging  device.  Seal 
the  purging  device  and  purge  the  sample  for  12  minutes.  The 
purged  organics  are  sorbed  on  the  Tenax-silica  gel  trap  at 


-  4  - 

standard  on  a  weekly  basis.  Dose  the  interna 
into  every  sample  and  reference  stcandard 


"room  temoerature  (20-25“C; . 


vrnile  the  sample  is  being  purged,  cool  the  gas  chromato- 
••g-raphic ‘cblumn  oven  to  near  room  temperature  (20-30°C)  .  To- 
do  this,  turn  heater  off  and  oped  column  oven  door.  —  - 
At  the  completion  of  the  12  minute  purge  time,  inject 

-the  sample  into  the  gas  chromatograph  by  turning.  the:.valye 

/ 

to  the  desorb  position*  Hold  in  this  position  for  four  minut( 
while  rapidly  heating  the  trap  oven  to  180 "C,  then  return  the 
valve  to  the  purge  position,  close  the  GC  column  oven  door, 
•and  rapidly  heat  the  GC  oven  to  SO^C.  Hold  at  60 ®C  for 
four' minutes,  then  program  at  8®/minute  to  170 “C  and  hold - 
until  all  compounds  have  eluted.  Begin  collecting  GC/MS 
data  as  soon  as  the  GC/l-iS  vacuum  system  has  stabilized  (<10“- 
torr) . 

u. V7hile  the  sample  is  being'- chromatographed,  flush  ..the >■;••• 
purging  device  v/ith  tv/o  5-ml  volumes  of  organic  free  water. 
Then  bake  omt  the  ‘trap  to  minimize  the  amount  of  water  desori 
into  the  GC/MS  system  during  the  succeeding  injection  step. 
[Note:  If  this  bake  out  step  is  omitted,  the  amount  of  v/atei 
entering  the  GC/2>iS  system  v/ill  progressively  increase  causint 
deterioration  of  and  potential  shut  do^-m  of  the  system.] 

GC/I-S  Determination  -  The  analytical  conditions  for 
determination  of  the  volatile  priority  pollutants  amenable 
to  purge  and  trap,  using  the  Tekmar  LSC-1  and  the  comput- 
ized  Finnigan  1015  GC/MS  are  given  below: 


6 


Puree  Pararr.eterr; 

i 

Purge  gas  -■  Kelius'.,  high  purity  grade 
Purge  time  -  12  minutes 
Purge  flow  -  40  ml/m*in.* 

• Trap  dimensions  -  1/8  in. -O.-D-.  (0.09  to -0.105  in.  l.D-.)  - 

/ 

✓ 

>:  6  in.  long 

Trap  sorbent  -  Tenax-GC  60/80  mesh  (4  in.)  plus  Type  15 
silica  gel  (35/60  mesh) 

Desorption  flow  -  20  ml/min. 

Desorption  time  -  4  min. 

Desorption  temperature  -  180'*  C 

•  ^ 

I 

Gas  Chromatographis  Parameters 

Column  -  Stainless  steel,  S  ft.  long  x  1/8  in.  O.D. 

•  ■  (0.09  to  0.105  in.  l.D.)  packed  with  Carbopack  C 

(60/80  mesh)  coated  with  0.2%  Carbowax  1500>  pre¬ 
ceded  by  a  1  ft.  X  1/8  in.  O.D.  (0.09  to  0.105  in. 
l.D.)  packed  with  Chromosorb-W  coated  vrith  3% 

Carbowax  1500. 

Carrier  gas  -  Helium  at  33  ml/min. 

Oven  temperature  -  Room  temperature  during  trap  desorption 
then  rapidly  heat  to  ‘60  "C,  hold  at  6Cf  C  for  four  minutes,  then 
program  to  170  ®C  at  8  V^^inute.  Hold  at  ITO^^C  for  12  minutes 
or  until  all  compounds  have  eluted. 
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Mass  Spgctronne-ter  Parameters 

» 

Data  System  -  System  Industries  System  150 

Separator  -  glass  jet 

Electron  energy  -  70  ev 

Emission  current  -  500  ua 

Ion  energy  -  6  volts 

Lens  voltage  -  {-)100  volts 

Extractor  voltage  -  8  volts 

Mass  range  -  20-27,  33-260  amu 

Integration  time/amu  -  17  milliseconds 

Samples/amu  -  1 

Gas  Chromatographic  Column  Conditioning  Procedure  - 
'Attach  -the  Carbowax  iSOO'-Chromosorb  end  of  the  column  to  -the 
inlet  system  of  the  gas  chrematograph.  Do  not,  at  this  time, 
.attach. the  column  exit  to  the  detector.  Adjust  the  helium  .... 
flow  rate  through  the  column  to  33  ml/minute.  Allow  the 
column  to  flush  V7ith  helium  for  ten  minutes  at  room  temperati 
then  program  the  oven  from  room  temperature  to  190  **C  at 
4 ‘’/minute.  Maintain  the  even  at  190°  C  overnight  (16  hours). 

Handle  the  column  with  extreme  care  once  it  has  been 
conditioned  because  the  Carbopack  is  fragile  and  easily  fract 
Once  fractured,  active  sites  are  exposed  resulting  in  poor 
peak  geometry  (loss  of  theoretical  plates) .  Reconditioning 
,  generally,  revitalizes  the  analytical  column. 
•Once  properly  conditioned,  the  precolumn  may  be  removed. 


The  retention  date  listed  in  Table  I  V7as  collected  v.’ith  • 

“the  precoluiTJi  in  the  system.  ■  •  . . .  ■  ■' 

■  •  -  Quality  Assurance  -  The  analysis  of  blanks  is  most 
important  in  the  purge  and  trap  technique  since  the  purging 
device  and  the  trap  can  .be  contaminated  ty  residues  from  very 
concentrated  samples  or  by  vapors  in  the  laboratory.  Prepare 
blanks  by  filling  a  sample  bottle  with  lov7-organic  water 
(blank  water),  that  has  been  prepared  by  passing  distilled  _ 
water  through  a  pretested  activated  carbon  column.  Blanks 
should  be  sealed,  stored  at  4®C,  and  analyzed  with  each  group 
of  samples.  •  ' 

After  each  sample  analysis,  thoroughly,  flush  the  purging 
device  with  blank  water  and  bake  out  the  system.  Subsequently 
..•.'•analyze., a-sample  blank  (Qne.;that  has  been  .'transported. •’.to  and  . 
•...from  the -samipling  site).  If.  positive  interferences  are  noted, 
analyze  a  fresh  laboratory  sample  of  blank  water.  If  positive 
interference  still  occurs,  repeat  the  laboratory  blank 
analysis.  If  interference  persis'ts,  dismantle  the  system, 
thoroughly,  clean  all  parts  that  the  sample  comes  into  contact 
wi-th  and  replace  or  repack  the  sorbent  trap  and  change  ' 
carrier  gas. 

Precision  -  Determine  the  precision  of  the  method  by 
dosing  blank  water  with  the  compounds-  selected  as  internal 
standards  -  bromochloromiS thane ,  2-brcmo-l-chloropro'oane , 


'and  1 , 4-dichlorometharie  -  and  running  replicate  anaiyses. 

These*  cO'^pounds  represent'- early , -Tniddlc ,  and  late  retention  •  ■ 

.  tirtes  over  the  range  of  the  Consent  Decree  compounds  and 

are  not,  themselves,  included  on  the  list.  Construct 

'Qaality  Control  charts  from 'the  data  obtained  according  to. 

/ 

directions  in  Appendix  VI.* 

-  .  The  sample  matrij:  can  affect  the  purging  efficiencies 

of  individual  compounds,  therefore,  each  sample  must  be 
-dosed  vrith  the  internal  standards .and  analyzed  in  a  manner 
identical  to  the  internal  .standards  in  blank  v;ater.-  V7hen-the 


results  of  the  dosed  sample  analyses  show  a  deviation  greater 
than  two  sigma,  repeat  the  dosed  sample  .analysis.  If  the 
deviation  is  again  greater  than  tv70  sigma,  dose  another 
•ali'quot  of  the  same  sam.ple.  V7ith  the  compounds  of  ;  interest-..: 
at  approximately  tv70  times  the  measured  values  and  analyze. 


-CaLculate  the  recovery  for  the  individual 


these  data. * 


Calibration  of  the  gas  chromatography-mass  spectrometry 

(GC-MS)  system  -  Evaluate  the  system  performance  each  day 

that  it  is  to  be  used  for  the  analysis  of  samples  or  blanks. 

Inject  a  sample  of  20  nanograms  of  decaf luorotriphenyl- 
(d) 

phosphine '  '  and  plot  the  mass  spectrum.  The  criteria  in 
Appendix  III  must  be  met  and  all  plots  from  the  performance 
evaluation,  documented  and  retained  as  proof  of  valid 
performance  - 


See  Reporting  of  Data.  Section. 


o 


The 


performance  for  these  compounds. 

Qualitative  and  Quantitative  Determination  - 

•-•-characteristic  masses  or  lilass,  ranges  listed  in  Table.  II.  ......... 

of  -this  section  are  used  for  qualitative  and  quantitative 

determination  of  volatile  priority  pollutants.  They  are 

( s ) 

—used  to  obtain  an  extracted  Ion  current  profile  (EICP)  .  .  ...... 

for  each  compound.  For  very  lo\i7  concentrations,  the  same 
masses  may  be  used  for  selected  ion  monitoring  (SIM)  .  The 
primary  ions  to  be  used  to  quantify  each  compound  are  also 
-listed.  'If  the  sample  produces  an  interference  for  .the  primal 
-  ion,  use  a  secondary  ion  to  quantify.  ■  •  ■ 

Quantify  samples  by  comparing  the  response  of  the  unknowr 
in  a  sample  to  that  of  a  standard.  When  positive  responses 
are  observed,  prepare  and  analyze  a  reference  standard  so 
"that  the-  standard  response:  clos.ely  .approximates  the  sample.  : 
response.  Calculate  the  concentration  in  the  sample  as  follov; 


(Response  for  unknown) 

(Response  for  standard) _ 

Concentration  of  standard  (vg/r) 


vg/1  of  unkno’.im 


Reporting  of  Data 

Report  all  results  to  two  significant  figures  or  to 
the  nearest  10  vg/1.  Report  internal  standard  data  to  two 
significant  figures. 


f  e) 

EICP  is  the  reduction  of  mass  spectrometric  data 
acquired  by  continuous,  repetitive  m-oasurement  of 
spectra  by  plotting  the  change  in  relative  abundance 
of  one  or  several  ions  as  a  function  of  time. 

SIM  is  the  use  of  a  mass  spectrometer  as  a  substance 
selective  detector  by  measuring  the  mass  spec tromstric 
response  at  one  or  several  characteristic  masses 
in  real  time. 
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Ks  the  analyses  are  ccmpieted,  transfer  GC-M3  data 

> 

tato.ragnetic  tape  as  described  under:  reporting  of  data  in:--- 
.  method  for  ■” Semivolatile  Organics  fay  Liquid-Liquid  Extraction 
Report  all  quality  control  (QC)  'dsita  along  with  the 
analytical  results  for  the  samples..  In  addition,  forti?ard . 
all  QC  data  to  EMSL,  Cincinnati. 

Direct  Aqueous  Injection  Gas  Chromatography 

As  noted  in  the  Scope,  A.crolein  and  acrylonitrile 
should  fae  analyzed  by  direct  aqueous  injection ' gas  chromatog¬ 
raphy.  References  to  these  methods  are  given  in  Appendix  VII. 
■  The  Tletection  level  for  these  methods  is  0.1  mg/1  and -above; 


Tabic 


T 

JL 


r  Q 

Elution  Order  of  Volatile  Priority  Pollutants^  ^ 


'  * 

Modi  fied. 

Method 

Method 

■  Compound 

Recovery 

(percent) 

Recovery 

(percent) 

chloroTnethane 

0.152 

91 

dichlorodifluoromethane 

0.172 

0 

100  ■  • 

bronomethane 

0.181 

85 

vinyl  chloride 

0.186 

101 

chloToethane 

0.204 

90 

... 

methylene  .chloride 

0.292 

76 

tri chi orof luoromethane 

0.372 

96 

1 ,1-d.ichloroethylene 

0.380 

97 

bromo chi orome thane  (IS) 

0.457 

88 

1 ,1-dichloroethane 

0.469 

89 

t rans - 1 , 2 - d i ch 1 or o ethyl ene 

0.493 

92 

chloroform 

0.557 

95 

1 ,2-dichloTOSthane 

0.600 

,  98 

. 

1,1,1-trichloToethane 

0.672 

• '  94 

*  ,  . 

carbon  tetrachloride 

0.684 

87 

bromodi chi oforaethan  e 

0.750 

'  92 

• 

1 , 2-dichloropropane 

0.818 

92 

t rans -1,3-dichloTopropene 

0.847 

90 

trichloroethylene 

0.867 

89 

dibromochloromethane 

0.931 

87 

cis-1 ,3-dichloropropene 

0.913 

85 

1,1 ,2-trichloroethane 

0.913 

88 

benzene 

0.937 

no  data 

2-bromo-l-chloroethane(IS) 

1.000 

92 

broir.oform 

1.115 

71 

1 ,1 ,2,2-tetrachloroethene 

1.262 

88 

1 ,1 ,2,2-tctrachlorocthane 

1.281 

58  ■ 

l,4-dichlorobutaneCI5) 

1.312 

74 

Mcnlificu 


Compcur.d 

Metiiod 

Recovery 

(percent) 

Method 
Recovery  . 
(percent) ^ 

toluene 

1.541 

no  data 

- . 

chlorobcntcnc 

1.489 

89 

ethylbenzene 

1.814 

np  data 

acrolein 

unknown 

12 

lA 

acrylonitrile 

unknown  - 

no  data 

fa) 

^  ^  These  data  were 

obtained  under  the 

following  conditions:  GC 

column  -  stainless  steel,  S  ft.  long  x  0.1  in.  I.D.  packed  \>ith 
Carbopack  C  (60/80  mesh),  coated  with  0.2%  Carbowax  1500;  pro¬ 
ceeded  by  a  1  ft.  long  x  0.1  in.  I.D.  column  packed  with 
Chromosorb  h  coated  with  3%  Carbowax  1500;  carrier  floiv  -  40  ml/ 
oven  temperature  -  initial  60“C  held  for  3  min.,  programmed  S^Cy 
to  160‘‘C  and  held  until  all  compounds  eluted. 

Retention  times  relative  to  2-bromo-l-chloropropane  with  an 
absolute  retention  time  of  829  seconds, 
fc) 

'  No  measurable  recovery  using  standard  purging  and  trapping  con¬ 
ditions.  Under  modified  conditions,  i.e.,  purging  at  10  ml/min 
for  12  min.,  recovery  is  100%. 

Recovery  12%  under  standard  purging  conditions,  i.e.,  room  . 
•temperature,  30%  at  SS^C,  and  74%at  95®C. 


\ 

\ 


t  Table  II 


Characteristic  Ions  of  Volatile  Or^janics 


CoTnpound 

chlorociethane 

El  Ions  (Relative 
intensity') 

Ion  used  to 
Quantify 

50(100);  52(33) 

50 

dichlorodifluoromethane 

85(100):  87(33); 
101(13);103(12) 

101 

broir.07r.cthane 

94(100);  96(94) 

94 

vinyl  chloride 

62(100);  64(33) 

62 

ch loro ethane 

64(100);  66(33) 

. 

.  64 

jnethylene  chloride 

49(100);  51(33); 
84(86);  86(55) 

84 

trichlorofluorome thane 

101(100);  103(66) 

101 

1,1-dichloroethylene 

61(100);  96(80); 

98(53) 

96 

broroo  ch  1 0  roTiie  t  hane  C I S ) 

49(100);  130(88) 
128(70);  51(33) 

128 

1,1-dichloroethane 

63(100);  65(33); 
85(8);  98(7);  100 

83(13) ; 

(4)  ■ 

-.63 

tran5-l,2-dichloroethylene 

61(100);  96(90); 

98(57) 

95 

chloroform 

83(100);  85(66) 

•  83 

1 , 2-di chi oroe than  e 

62(100);  64(33); 
98(23);  100(15) 

98 

1,1,1-trichloroethane 

97.(100);  99(66); 
117(17);  119(16) 

97 

carbon  tetrachloride 

117(100);  119(96) 

;  121(30) 

117 

b  romo  dichloromethane 

83(100);  85(66); 
127(13);  129(17) 

127 

1,2-dichloropropane 

63(100);  65(33); 
112(4);  114(3) 

112 

t rans- 1 , 3-d i ch 1 oropropene 

75(100);  77(33) 

75 

trichlorocthyl one 

95(100);  97(66) 
130(90);  132(85) 

130 

dibromochloronethnnc 

129(100);  127(78) 
208(13);  206(10) 

i 

127 

cis-1 ,3-dichloropropene 

72(100);  77(33) 

75 

'Conpoiind 


F.I  Tons  (Relative 
intensity} 


Ion  used  to 
quantify • ■ - 


1 ,1,2-tTichlorqethane 

83(9S);  85(60);  07(100); 
99(63);  132(9);  134(8) 

97.. 

benzene 

78(100) 

78 

2-bTOT.o-l-chloroethane(IS) 

/ 

63(100);  65(33); 

142(14);  144(18) 

142 

broiiioforn 

171(50);173(100) ;  250(4); 
252(11);  254(11);  256(4) 

173 

1,1,2, 2- tetrachloroethene 

129(64);  131(62); 

164(78);  166(100) 

164 

1 ,1 ,2,2-tetrachlOToethane 

83(100);  85(66);  131(7); 
133(7);  166(5);  186(6) 

168 

l",4-dichlOTobutane(IS) 

-55(100);  90(21);  92(7) 

*90  •• 

toluene 

91(100);  92(78) 

92 

chlorobenzene 

112(100);  114(33) 

112  ■ 

ethylbenzene 

91(100);  105(33) 

106 

acrolein 

26(49);  27(100);  28(5); 
29(43);  55(6'4);  56(83) 

56 

acrylonitrile 

26(100);  51(32); 

52(75);  55(99) 

“  .iV;  i 
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Scopa 


This  method  is  designed  to  determine  those  "unambiguous 
priority  pollutants"  associated  vith  the  Consent  Decree, 
that  are  solvent  extractable  and  amenable  to  gas  chromatograp] 
These  compounds  are  listed  in  Tables  I  to  III  of  this  section 
Except  for  the  pesticides,  it  is  a  gas  chromatographic-mass 
spectrometric  method  intended  for  qualitative  and  serai- 
quantitative  determination  of  these  compounds  during  the 
survey  phase  of  the  industrial  effluent  study.  Pesticides 
are  initially  determined  iy  electron  capture-gas  chromatograp 
and,  qualitatively,  confirmed  by  mass  spectrometry. 

Snecial  tooaratus  and  Materials  •'  *  - 


Separatory  funnels  -  2  and  4  1  V7ith  Teflon  stopcock 
Continuous  liquid-liquid  extractors  -  any  such  apparatu 
designed  for  use  vrith  solvents  heavier  than 
water  and  having  a  capacity  of  2  to  5  1 
(Aidrich  Catalog  No.  ZIO,  157.-5)  .  Connecting 
joints  and  stopcocks  must  be  of  Teflon  or  glass 
with  no  lubrication. 


Procedure 


Sample  Preparation  for  GC-MS  Survey  -  Blend  the 
composite  sample  to  provide  a  homogeneous  mixture  including 


(a) 


Available  from  Aldrich  Chefaical  Co.,  Milv.'aukee ,  V7I 


2 


a  representative  portion  of  the  suspended  solids  that  are 
present.  -  No  specific  method  is  required  but  a  motor  driven 
mechanical  stirrer  V7ith  a  propeller  type  blade  is  suggested. 
Stirring  \d.th  metal  devices  is  acceptable  for  organic  sampling. 

Transfer  the  sample  from  the  composite  container  through 
a  glass  funnel  into  a  2-liter  graduated  cylinder  ana  measure 
the  volume.  Then  transfer  to  a  4-liter  separatory  funnel 
or  a  continuous  extractor  as  described  below.  Rinse  the 
cylinder  with  several  portions  of  the  first  volume  of  extractin 
solvent.  (Note:  Either  separatory  funnrel  or  continuous 
extraction  is  acceptable  for  isolation  of  the  organics. 
Contin-uous  extraction  must  be  ased  v;hen  emulsions  cannot  be 
broken.  See  discussion  under  Emulsions.] 

Base-Neutral  Extraction  •  . 

Separatory  Funnel  Extraction  -  Adjust  the  pH  of  the 
sample  with  6  N  NaOH  to  11  or  greater.  Use  multirange  pH 
paper  for  the  measurement.  Serially  extract  vzith  250  x  100 
X  100  ml  portions  of  distilled-in-glass  methylene  chloride. 
(About  40  ml  of  the  first  250  id  portion  will  dissolve  in  the 
sample  and  not  be  recoverei.)  Shake  each  extract  for  at 
least  2  min.  by  the  clock. 

Dry  and  filter  the  solvent  extract  passing  it  through 
a  short  column  of  sodium  sulfate.  Concentrate  the  solvent 
by  Kuderna-Danish  (K-D)  evaporation  (distillation) .  The 
sodium  sulfate  should  be  prewashed  in  the  column  v;ith  methylcns 
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chloride.  [Note:  Check  sodium  sulfate  blank  and,  if 
“hecessary,  heat,  in  an  oven  at  500 ‘’C  for  2  hours  to  remove 
interfering  organics.]  After  drying  the  extract,  rinse  the 
sodium  sulfate  v;ith  solvent  and  add  to  the  extract. 

evaporate  the  extract  to  5-10  ml  in  a  500  ml  K-D  apparat 
fitted  v.'ith  a  calibrated  receiver  tube.  Allov;  the  K-D  to  coo! 
to  room  temperature.  Remove  the  receiver,  add  fresh  boiling 
chips,  attach  a  two-chamber  micro-Snyder  column  and  carefully 
evaporate  to  1.0  ml  or  V7hen  active  distillation  ceases. 

Remove  the  rdcro-Snyder  column  and  add -the  internal  standard: 
10  pi  of  2  vg/pl  -^10  -anthracene  (per  each  ml  of  extract)  .  Mi 
thoroughly. 

If  it  is  to  be  overnight  or  longer  before  the  extract  is 
run  by  GC-MS,  transfer  it  from  the  K-D 'ampul  V7ith  a  disposabl 
pipet  to  a  solvent  tight  containers.  The  recommended  contai 
is  a  standard  2  ml  serum  vial  with  a  crimp  cap  lined  V7ith 
teflon  coated  rubber.  These  are  inert  and  methylene  chlorid 
can  be  h^d  without  evaporation  loss  for  months  if  caps  are 
unpierced.  VThen  the  extracts  are  not  being  used  for  analysi 
store  them  with  unpierced  caps  in  the  dark  and  at  refrigerat 
or  freezer  temperatures. 

Acid  (Phenols)  Extraction  -  .Adjust  the  pK  of  the  base- 
neutral  e>:tracted  water  with  6  N  HCl  to  2  or  less.  Seriall 
extract  with  200  x  100  x  100  ml  portions  of  distilled-in-gl 
methylene  chloride.  (Note  that  only  200  ml  is  used  for  the 
first  extraction) .  Proceed  as  described  for  the  base- 
neutral 


extract 


eluding  fne  addition  of  the  internal  st: 
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Emulsions  -  The  recovery  of  855  of  tlio  .added  solvent 
V7ill  constitute  a  v.'orking  definition  of  a  broken  emulsion. 

<You  may  correct  the  recovery  of  the  first  portion  for  v;ater 
solubility  of  methylene  chloride.)  toy  technique  that  meets 
this  criteria  is  acceptable.  Among  techniques  that  have  been  ■ 
tried  on  these  samples  with  fair  success  are: 

1.  Centrifugation  of  the  emulsion  layer  after  removal 
of  any  separated  solvent. 

-  2.  Passage  of  the  emulsion,  through  a  column  plugged 

with  a  ball  of  methylene  chloride-wet  glass  wool. 

The  solvent  used  to  v;et  the  wool  and  to  wash  it 
after  the  emulsion  goes  through  must  be  measured 
and  subtracted  from  the  total  volume  to  determine 
85%  recovery. 

3.  Relative  to  labor ,  solvent  is  cheap.  The  addition 
of  excess  solvent  sometimes  breaks  weak  emulsions. 
You  must  remember  to  use  excess  solvent  in  the 
blanks  also. 

4.  Let  the  emulsion  stand  for  up  to  24  hrs.. 

5.  Draw  off  the  small  amount  of  free  solvent  that 
separates  and  slowly  drip  it  back  in  the  top  of 
the  separatory  funnel  and  through  the  sample 
and  emulsion. 

Other  ideas  include  stirring  V7ith  a  glass  rod,  heating 
on  a  steam  bath,  addition  of  concentrated  sodium  sulfate 


solution,  and  sonication. 
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Continuous  Extraction  -  If  you  cannot  achieve  OB'S 


-sojLvent--reco\'ery,  -sta 


extract  by  continuous  extraction. 


:rt_v;it’h  a-  fresh  alicuot  cf..samcle  and 


Adjust  the  pH  of  the  sample  as  appropriate,  pour  into 
the  extractor,  and  extract  for  24  hours.  When  extracting 
a  2-liter  sample,  using  the  suggested  eqiiprent,  tV70  liters 
of  blank  water  must  be  added  to  provide  -proper  solvent  recycls 
For  operation,  place  200-300  ml  of  solvent  in  the 
extractor  before  the  sample  is  added  and  charge  the  dis-tillin 
flask  w-ith  500  ml  of  solvent.  At  the  end  of  the . extraction 


remove  the  solvent  from  the  distilling  flask  only  and  evapore 
and  treat  as  described  in  the 'iase-neutral  extract  section. 


Blank  Extraction:  It  is  not  entirely  certain  that 
•  2  1i4:'ers  of  blank  v;ill  al'seys  be  available.  When -.it. is,  . 
proceed  to  process  it  as  the  corresponding  sample  was  dons. 
‘Include  any  emulsion  breaking  steps  that,  used  glass  wool, 
excess  solvent  or  additional  chemicals.  If  less  than  2  lite: 
is  available,  measure  the  blank  and  bring-  it  to  volume  with 

distilled  water.  On  analysis  m^:e  the  necessary  quantitativ{ 

\ 

corrections. 

\ 


Pesticides:  These  compounds  are  to  be  analyzed  by 
EC-GC  using  the  method  published  in  the  Federal  Register 
Vol.  38,  Number  125,  Part  II,  pp.  1731B-17323.  (Friday, 

June  29,  1973).  One-liter  rather  than  100  ml  is  to  be 


.ex-tracted.  The  solvent  amounts  given  in  the  method  and  other 


paranieters  remain  unchanged,  if  pesticides  are  found  by  EC, 
--the  .£;':t>act  is  to  be  carefully.  Cv^aporated  {clean  airstrsara)  .... 
to  0.5  nil  and  sent  for  GC-MS  confirmation. 

.The  'compounds  to  be  analyzed  by  EC- GC  are  listed  in 


Table  I  of  this  section 


If  the  pesticide  sample  has  been  received  in  a  1-gal. 
bottle,  hand  shake  the  bottle  for  1  nin.  by  the  clock  to 
evenly  suspend  sediment.  Pour  the  sample  into  a  1-liter 
graduated  dylinder  and  measure  the  volume.  Then  transfer  the 
sample  to  a  2-liter  separatory  funnri  and  rinse  the  cylinder . 
vith  the  first  volume  of . extracting  solvsit.  Use  additional 
small  volumes  of  solvent  if  necessary  to  transfer  all  of 
the  sample.  Proceed  vith  the 'extraction  using  the  solvents 
and  amounts  prescribed 'ih  the  published -method. 

If  the  sample  is  to  be  taken  from  the  original  composite 
bottle,  homogeneously  mix  as  described  'earlier  and  transfer 
a  1-liter  aliquot  to  a  graduated  cylinder,  then  trasnfer 
to  the  separatory  funnel  with  the  aid  of  a  glass  funnel  and 
rinse  the  cylinder  as  above. 

If  intractable  emulsions  are  encountered  that  cannct  be 


broken  as  described  in  the  GC-MS  survey  section,  then  a 
fresh  1-liter  sample  should  be  processed  in  a  continuous 
extractor  using  methylene  chloride  as  the  solvent  as  described 
earlier  but  without  pH  adjustment.  The  '  methylene 
chlcride  will  have  to  be  evaporated  to  a  small  volume  and 
exchanged  into  hexane  for  clean-up  or  EC-GC  analysis.  To  do 


D 


COO^  , 


this,  evaporate  the  methylene  chloride  to  5  to  S  ml, 

■add" 20- ml  of  hexane  and  a  fresh  boiling  stone  and  re-evaporat 
to  the  desired  analytical  volume  (5  m.l  or  less)  . 

Final  storage  and  transport  of  sample  extracts:  Afber 
analysis,  the  extracts  of  the  base-neutrals,  acids, ..blanks  :. 
and  pesticides  are  to  be  sent  to  ERL,  Athens,  Ga  30601, 

ATTN:  Dr.  Walter  Shackelford. 


Each,  extract  is  to  be  vzashed  out  of  its  container 
into  a  10  ml  glass  ampul  and  brought  to  5  ml  ±  1  ml.  Hethyle 
chloride  is  the  solvent  for  the  base-neutrals  and  acids, 
hexane  for  pesticides.  The  ampuls  are  to  be  sealed  in" a 
rounded-off,  fire  polished  manner,  i.e.,  no  thin  sharp  peaks 
of  glass  that  are  easily  broken  on  handling  and  shipping. 
After  sealing  the  ampuls,  put  an  indelible  .nark  at,’ the-  ......v.- 

solvent  level.  Securely  attach  a  label  or  tag  that  gives:..  . 
Type  of  fraction  (base-neutral,  etc.) 

Industrial  category 

Name  (of  plant,  city  and  state) 

Specific  source  or  stage  of  treatment 
Date  sampled  originally 
Date  sealed 

Name  of  contractor  and  analytical  laboratory 


and 


O 


ivrap  the  ampuls  in  packing  material 
mail  or  'ship*  them  postpaid  'at  anbient  tam 
samples  are  s-afel;^^  in  ampuls,  the  remaind 


to  preven 
iperaturs  - 
er  of  tha 


t  breakage 
Vihen  the 


composite 


sample  may  be  discarded. 


4.  GC-JS  Analysis 


Compounds  to  be  analyzed  by  GC-MS  alone  fall  into  tv/o 
categories — those  in  the  base-neutral  extract  (Table  II)  and 
those  in  the  acid  extract  (Table  III) .  Pesticides  (Table  I)  that 
•  V7ere  tentatively  identified  in  the •  pesticide  analysis  v;ill  be  ..  ... 
confixed  by  GC-MS. 

The  base-neutral  extractables  may  be  separated  and  eluted 
into  the  MS  under  the  follov.’ing  chromatographic  conditions: 


Column — 6  foot,  2.0  mm  inside  diameter,  glass 

Packing — 1%  SP2250  on  100/120  me^/ Supelcoport  .  '  V  .  I:--. 

4r 

Program — hold  4  minutes  §  50°,  program  50°-2d0°  0  8*^ /min. 

hold  20  minutes  0  260°  '  .  "  .  •  •  • 

Injector — 275°  . •  •  • 

Separator — 275° 

Carrier  gas — Ke  @  50  ml/min 
Injection  size — ^2  vl 

Table  II  lists  the  49  base-neutral  extractable  compounds 
in  order  of  relative  retention  times  (compared  to  hexachlorobenzene) 
for  the  above  GC  conditions.  Detection  limits  were  determdned  by 
MS  response.  The  seven  compounds  ’.vithout  retention  timies  or 
limits  of  detection  vrere  not  available  for  this  report.  It  is 
not  recommended  that  2 , 3 , 7 ,  S-tetrachlorcdibenzo-p-dicxin  (TCDD) 
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be  eccTuired  due  to  its  extrcnie  to.':icity.  Eased  on  their, 
siuiilcirity ‘to  •  coir.pounds  that  v.-ere  available  all  seven  arc  e::~ecrted  ■ 
to  be  chror.atographable  using  these  standard  conditions.  in 
addition  the  .characteristic  inasses  .recommended -for  MS  identificatic! 
are  listed  in  Table  II. 


The  limits  of  detection  given  in  Tables'!  and  II  refer  to  the 
quantity  necessary  to  inject  to  get  confirmation  by  the  MS  methods 
described  below. 

■'At  the  beginning*,  of « each  GC-MS  run  'of  a  bass-neutral  extract, 
the  operator  should  demonstrate  the  ability  to  chroma  to  gr.aph 
benzidine  at  the  40  ng  level.  Only  after  this  is  accomplished 
should  the  run  be  started.  If  benzidine  can  be  chromatographed, 
the  other  nitrogen- containing  compounds  of  Table  II  can  be  . 
chromatographed  as  well.  •  ■ 

..yi-crl-f.. desired,  capillary  .or  SCOT -columns  iriay  be -used  ..-instead  ..ol- 
the  packed  column  of  SP-2250.  Coatings  of  OV-17  or  SP-2250  may 
be  used'.  The  elution  order  of  OV-17  and  •SP-2250  are  very  similar  ; 
Some  specific  data  for  OV-17  is  given  in  Table  V.  --'The  performance 
criteria  for  benzidine  must  still  be  met  and  in  addition,  the 
system  must  be  shown  to  elute  the  late  running  polynuclear  aromata 
compounds . 

The  acid  extractables  may  be  chromatographed  as  follov.’s: 


.Column — 6  foot,  2.0  mm  inside  diameter,  glass 
Packing — Tenax  GC,  60/30  mesh 
Program — 180°  -  300°  Q  S°/min 
Injector — 290° 

Separator— —2  9  0° 

Carrier  Gas — He  9  30  ml/min 
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Table  III  lists  the  11  acid'  extractablcs  in  order  o-f  relative 
•etention  tildes  (compared  to  2-nitrophenol)  .  Chromatography  of 
nitrophenols  is  poor.  The  limits  of  detection  given  refer  to  the  • 
■amounts  required  to  get  MS  confirmation  .by  the  method;:  described 
bela-;. 


Before  an  acid  extract  is  run  on  the  GC-MS  the  operator 
should  demonstrate  the  ability  to  detect  lOD  ng  of  pentachlorophenol 

Mass  spectrometry  should  be  conducted  with  a  system  utilizing 
a  jet  separator  for  the  GC  effluent  since  membrane  separators 
lose  sensitivity  for  light  molecules  and  glass  frit  separators 
inhibit  the  elution  of  polynuclear  aromatics.  A  computer  system. ,  . 
should  be  interfaced  to  the  mass  spectroneter  to  allov;  acquisition 
of  continuous  mass  scans  for  the  duration  of  the  chromatographic 
program.  The  computer  system  should  also  be  equipped  v/ith  mass 
storage  devices  for  saving  all  data  from  GC-MS  runs.  There  should 
3e- computer  softv;are  available  to  allow  searching  any  GC-MS  run  for. 
hspeci'fic-'i-ons  and  plotting  the  ..intensity  of -the  ions  ..V7ith -..respect 
to  time  or  scan  number.  The  ability  to  integrate  the  area  under 
anyspecific  ion  plot  peak  is  essential  for  quantification. 


.  To  indicate  the  preseice  of  a  compound  by  GC-MS ,  three 
conditions  must  be  met.  First,  the  characteristic  ions  for  the 
compound  (Tables  I-III)  must  be  found  to  maximize  in  the  same 
spectrum.  Second,  the  time  at  which  the  peak  occurs  must  be  within 
a  v:indow  of  ±  1  mdnute  for  the  retention  time  of  this  compound. 
Finally,  the  ratios  of  the  three  peak  heights  must  agree  with  the 
relativ'e  intensities  given  in  Tables  I-III  within  ±  20%. 


An  example  of  identifying  a  component  is  as  follows : 


-■  11  - 


■  ■  It.'- is  known  that  h-onachlorobenaene  clutos  from.'  the  SP2250 

column  at  19.4  minutes.  Kexachlorobensene  has  characteristic  mass 
ions  at  284  (1-00%),  142  (30%),  and  249  (24%),  Tne  computer  is  asked 
to  display  a  plot  of  the  intensities  of  these  ions  versus  time 
(or' i-'S  scan  number)  and  the' window  from  lS.4-20‘.  4  minutes  is  -  -  " 

examined  for  the  simultaneous  peaking  of  the  intensities  of  these 
ions.  If  ell  three  ions  are  present,  the  ratio  of  the  peak 
heights  is  checked  to  verify  that  it  is  100:30:24  ±  20%.  If  the 
three  tests  are  -successful,  hexachlorobenzene  has  been  identified 
in  the  samole. 


•Table  I  lists  the  18-  pesticides  and  PCB’s  that  v;ill  be 
confirmed  by  GC-MS  using  the  SP2250  column.  Chlordane, 
toxaphene  and  the  PCB's  have  retention  ranges  rather  than 
specific  times  due  to  their  being  multiconponent  mixtures. 

It  is  suggested  that  the  .first  14  materials  be  confirnjed  exactly 
-  as.  the- -other  base-neutral  compounds.  . 


■  The  last  four  materials  require  special  treatments.  -  Chlordane 
■  is  expec-fed  to  produce  two  main  peaks  within  -the  retention  range  -■ 
given  in  w^hich  all  three  masses  listed  will  maximize,  Toxaphene 
v/ill  produce  several  (5-15)  peaks  in  which  the  masses  given 
will  maximize  within  -the  retention  time  range.  For  the  PCB’s 
each  mass  given  corresponds  to  the  molecular  ion  of  PCB  isomers, 
e.g./  294  is  tetrachlorobiphenyl.  A  specific  mass  plot  will  show 
multiple  peaks  for  each  of  these  ions  within  the  retention  time 
listed  j  but  in  general  they  will  not  maximize*  in  the  same  TIC 
psa'c  For  these  four  materials  in  particular  it  is  necessarj^  to-  -- 
also  run  a  standard.  Because  GC-MS  is  only  being  used  for  con¬ 
firmation — and  at  its  limit  of  detection — all  quantification  '.'/ill 


I 
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'iil'be  ■d&ne  'by  EC-GC  for  t.he  •  pesticides. • 
these  four  are  not  final  and  feedback  froni 
Shackelford  is  V7elcome. 


The  -riethods  •  for  •  -  •  -  . 

the  field  to  Dr. 


'  -'-'Vihen  a  corrosund  has  been -identified, -..the  quantification,  of 
that  compound  vill  be  based  on  the  integrated  area  from  the  pacific 
ion  plot  of  the  first  listed  characteristic  ica  in  Tables  II  and  III 
Quantification  vrill  be  done  by  the  iiternal  standard  method  using 
deuterated  anthracene.  Response  factors,  therefore,  must  be 
calculated  to  compare  the  MS  response  for  knov/n  quantities  of  . 
each  priority  pollutant  V7ith  that  of  the  internal  standard.  The 
response  ratio  { R)  nay  be  calculated  as: 


R  = 


Ac  Ca 
Aa  Cc 


v;hsre  Ac  is  the  integrated  area  of  the  characteristic  ion  from 
the  specific  ion  plot  for  a  knov7n  concentre ticn ,  Cc.  Aa  and  Ca 
are  the 'corresponding  values  for  deuterated  .anthrac.enei  "The----  . 
relative  response  ratio  for  the  priority  pollutants  ^culd  be 
knovn  for  at  least  two  concentration  values — 40  ng  to  approximate 
10  ppb  and  400  ng  to  approximate  the  100  ppb  level.-;  Those  com-  •- 
pounds  that  do  not  respond  at  either  of  these  levels  may  be 
run  at  concentrations  appropriate  to  their  response.  For  guidance 
in  VS  limits  of  detection  refer  to  the  values  given  in  Tables  I-III. 

The  concentration  of  a  compound  in  the  extract  may  nox'7  be 
calculated  using: 


_  _  Ac  X  Ca 

wnere  C  is  the  concentration  of  a  component,  Ac  is  the  integrated 
area  of  the  characteristic  ion  from  the  specific  ion  plot,  R  is 
the  resocnse  ratio  for  this  component,  Aa  is  the  integrated 
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area  of  the  characteristic  ion  in  the  specific  ion  plot  for 
deutercited  anthracene,  and  Ca  is  the  concentration  of  denterated 
anthracene  in  the  injected  extract. 

In  sajmplss  that  contain  an  inordinate  number  of  interferences 
the  chemical  ionization  (Cl)  mass  spectfum  m.ay  m.ake'  identification* 
easier.  In  Tables  II  and  III  characteristic  Cl  ions  for  most 
compounds  are  given.  The  use  of  chemical  ionization  MS  to  support 
El  is  encouraged  but  not  required. 

5.  Quality  Assurance 

GC-MS  system  performance  evaluation ■ is  required  each  day 
the  system  is  used  for  samples  or  reagent  blanks.  A  sample  of 
20  ng  of  decafluorotriphenylphosphine^^^  is  -injected  into  the 
system  and  the  mass  spectrum  is  acquired  and  plotted.  Criteria 
established  in  Appendix  III  must  be  net.  The  analyst  must  also 
’demonstrate  .tha*t  the  analytical  conditions  employed  result;...- 
in  sharp  total  ion  current  peaks  for  40  ng  of  benzidine  on  the 
SP2 250  "column  when  this  column  is  used  and  100  ng  of  pentachloro- 
phehol  bn  the  Tenax  GC  column  when  it  is  used  with  the  MS  as  a 
detector.  All  plots  from  the  performance'  evaluation  must  be 
retained  as  proof  of  valid  performance. 

As  performance  evaluation  samples  become  available  from 
*  .  » 

EMSL-Cincinnati ,  they  are  to  be  analyzed  by  solvent  extraction 
once  each  20  working  days  and  the  results  reported  with  other 
analytical  data.  •  ' 

v 

The  1%  SP2250  and  Tena:-:  GC  column  packings  are  available 
by  request  to  EPA  contractors  from  Dr.  Walter  Shackelford,  EPA, 
Aghans,  GA. 


(b) 


A.vailable  from  PCR,  Gainesville,  FL 


Standarcs  for  the  priority  pollutants  nay  bo  obtained  fron 
the  sourcc3"lIisted  in  Appendix  ix.  Those  ccnoounds  narked  with 
an  asterisk  have  not  yet  been  received  by  the  Athens  laboratory. 


In  order  to  nininize  unnecessary  GC-MS  analysis  of  blanks# 
the  extract  na\’  be  run  on  a  FID-GC  equipped  with  appropriate 
SP2250  and  Tenax  GG  columns.  If  no  peaks  are  seen  of  intensities 
equal  to  or  greater  than  the  deuterated  anthracene  internal 
standard  then  it  is  not  necessary  to  do  a  GC-MS  analysis.  If 
such  peaks  are  seen#  then  the  blank  must  be  sent  for  full  priori  tv 
pollutant  analysis.  • 


The  contractor  will  look  for  all  priority  pollutants  to  the 
limit  of  10  pg/1  except  in  those  cases  listed  in  Tables  I I- III 
in  v;hich  limits  of  detection  are  too  high  for  analysis  at  this 
level.  •  .  • 

t 

J 

6.  Reporting  of  Data 

All  concentrations  should  be  reported  in  ranges — 10  ppb  ~ 

100  ppb  and  greater  than  100  ppb.  Report  concentrations  for  pesti 
cides  as  prescribed  in  the  Federal  Pssgister  Method.  The  relative 
response  ratios  from  r-lS  analysis  should  be  included  v'hen  reportinc 


All  GC-MS  data  is  to  be  saved  on  9-trad:  magnetic  tape 
and  sent  to  the  :A.then3  Environmental  Research  Laboratory  for 
storage  and  later  evaluation.  The  tape  format  is: 


*-1d- 


Tv'pe — D-track,  300  B?I,  2400  foot  roels 

Hacord  length — SO 

Block  Site — <  4000  {specify} 

Code-~EBCDIC 

/ 

An  -acceptable  data  fornat  v7ould  have  the  first  two  records 
containing  the  sample  identification.  Subsequent  records  contain 
eight  mass-intensity  pairs,  each  of  Xvhich  is  5  characters  long 
and  left  justified.  At  the  end  of  each  spectrum  in  a  sample 
run,  the  last  mass-intensity  pair  is  blank  to  denote  the  end  of 
the  spectrum.  T7hen  all  data  for  the  run  is  on  the  tape,  an  end-of 
file  mark  should  be  written.  The  next  sample  run  can  then  be' 
entered.  One  example  is: 


2  Records : Sample  1 

■  K  Records :  Spectrum 

is  blank 

■  M  "Records :  Spectrum 

•  is  blank 


identification 

1  of  sample,  last  mass-intensity  pair 
to  denote  end  .of  spectrum 

2  of  sample,  last  mass-intensity  pair, 
to  denote  end.,Df. soectrum 


L  Records : Spectrum  N  of  sample,  last  mass-intensity  pair 
is  blank  to  denote  end  of  spectrum 
END  OF  FILE 

2  Records :  Sample  2  identification 
etc. 


'other  data  formats  are  possible,  but  any  form.at  that  is 
used  must  be  accompanied  by  a  full  explanation  of  all  record 
formats. 


A.11  magnetic  tapes,  documentation  and  a  table  of  MS  respor.; 
ratios  should  be  cent  to: 


Dr.  vh  M-  Shackelford 

Athens  r.n'/ironm.ental  Rcse'arch  Lab 
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■  Table  III.  Acid  E;<tyactablc»  . 
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Table  IV.  ELUTION  ORDER  OF  MOST  0:? 


SEMIVOLLTI 


PRIORITY  POLLUTM’TS  ON  15:  SP22'50^ 


Comoo^nd 

RRT^ ' '' 

1 , 3-dichlorcbenzene 

0.35^ 

R-chlorophenol 

0.35® 

1 ,4~dichlorobenss.r.e 

0.35^ 

'hexachlorcethane 

- 

0.38 

1  /  2-dichloroben2£r.e 

0.39 

bis  (2-chloroiscpropyl)  ether 

0.47 

E-endosulfan 

0.51 

2 , 4“diiriethyl  phenol 

0.52® 

2-nitrophsr.ol 

0.53® 

.2 ,4-dichlorophenol  . 

•  .... 

0.53® 

.hexachlorobutadiene  "  CV.  I'-  • 

.  i.  ! 

0.55 

1,2,4-trichlorobenzene 

0.55 

.naphthalene  ‘  •.  .  .. . 

0.57 

bis {2-chloroethyl) ether 

0.61 

hexachlorocyclopentadiene 

0.64 

nitrobenzene 

0.64  ; 

phenol 

0.67 

bis  (2-chloroetho>:y)  methane 

0.68 

2,4, 6-trichlorophenol 

u .  y  i 

•F 

p-chloro-m-cresol 

0.73-" 

.  2 -ch loro naphthalene 

0.75 

acenaphthylene 

0.83 

ace naphthene 

0.55 

isophorone 

0,37 

.  fluorcne 

• 

C.Dl 

5‘able  IV.  E 


zujTia:^  OBbSR  of  host  of  tee  sefivolt^TxL 

pOLLUTA::TS  of  IV.  SP2250‘'  (Co-tiuucd) 


PRIORITY  POLLUT?: 


CoTT-oound  _ 

2  ,G-'dinitrot.olusp.e 
-v^-2  -  dipheny  Iby  dr  a2  i-Tie 
2 , 4-diiii'trotoluene 
N-r-it-roscdipb-sr-ydainine 

ha:^:achloroban2sr£ 
4''broir.oph.er.yl  pnanyi  ethaj 
c-BHC 
y-BHC 

phenanthrens 
ari-thracane 
dnrstiiyi  pii.uris.xawa 
psntachloropiienol 

g-EHC 
”  -sldrin 

diethyl  phtnalats 
heptaciilor 
'  heptachlor  epoxide 
£  luoran  uhsTie 

a-en  dosulf  2ii 
dieldrin 
4,4*~r?D2 
pyrana 

di-n-butyl  phthalate 
■■4,4'~DDD  (p/P*-'j^^3) 
4,4’— DDT 
endosulfan  sulfate 
endrin 
benuidir.e 

b^urvl  13-1  fhaxa -.-O 

ehrvscr.e 


b  t  c 

PJIT  ^ 

0.93 

0.96 

0.9S 

0.55 

1.00 

1.01 

1.02 

1.09^ 

1.09^ 

1.09 

1.10 

f 

1.11^ 

1.12 

1.14 

1.15 
1.15 
1.23 


1.24^ 

1.28' 

1.30 

1.30 

1.31 

1.33 

•:! 

^  •>  o  ^ 
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n  <  T 


1.38 
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Table  IV. 


ELUTIOM  OPEEP.  O? 
PPvIOi^ITY  POLLUTAI-ITS  ON  1 


KOST  OF 
%  SP2250 


TIIE  SSrilVOLJvTILE 
.  (Conbinuad) 


CoTtioound 


bis  (2-ethylhe:xyl)  phthalats  1.50 

ben 20 (a) anthracene  1.54 

benzo Cb) fluoranthene  1.66 

benzo (h) fluoranthene  1.66 

benzo (a) pyrene  1.73 

indeno  (l,2,3-cdOpy2:ene  2.07 

dibenzo (a, h) anthracene  2.12 

•benzo  Cghi)perylene  .  »•  2.12^ 


^  1%  SP-2250  on  100/120  mesh  Supelcoport  in  a  6*  x  2niir.  id 
glass  coluim;  He  @  SOml/inin?  Program.:  50®  for  4  rin, 
then  8®/min  to  260®  and  hold  for  15  itiin. 

^  Relative  to  hexachlorobenzene  at  19.4  lain. 

^  40ng  gives  5-90%  response  on  FID  unless  other^-rise  noted. 

200ng  required  to  obtain  5-90%  response  on  FID.  ! 

^.2  pg  required. 

40  yg  required. 
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'Icibie  IV 
(coniiinued) 

S-tandards  not  available:  as  of  2/8/77 

N-nitrosodi-n-propylaiaine 
4-chlorophenyl  phenyl  ether  :  .  ... 

tcdd' 

endrin  aldehyde 
N-nitro  3  o  diazethy  1  amine 
3,3*  -di  chlorobenzidine 

bis  (chi  drome  thy  1)  ether  iunstable  in  v7eter) 

Standards  that  vrould  not  chromatograch: 

4 , 6~dinitro-o-cresol 
4-nitrophenol  ’  . 

2  f 4-dinitrophenol 

'Standards  yielding  a  range  of.peaj-:s:  ' 

PCB-1242  0.93-1.24  . 

PCB-1254  1.18-1.41 

toxaphene  1.22-1.47 

chlordane  1.14-1.37 


JL 


■  Order  of  Elution  .^or 
OV-17  SCOT  Column 


Compound 


Spsetru-T. 


1 , S-dichlorobenzena  '  "  '  134 

1. 4- -dichlorobsn2ene  "  •  137 
2-chlorophenol 

1, 2-dichlorobsn2ene  153 
bis  (2-chloroethyl)  ether  ■’  163 
phenol  165 
bis (2-chloroisopropyl) ether  173 
he>:achloroethene  178 
nitrobsnrene  194 
2-nitrophenol  219 
1 / 2 ; 4-trichlorobsn2ene  •  *  -  234 

2. 4- diiaeth\'lphenol  *  .  240 
naphtha'lene  •  -  -  .  240 
'2 / 4—dichlorcphenol  •  •  244 
hexachlorobutadiene  262 
isophorone  •  272 
p-chloro-n-cresol  317 
hexachiorocyclopentadiene  '  ’  ,  325 

2.4 . 6- trichlorophenoi  •.  332' 
chloronaphthalene  339 

2 . 4- dinitrotoluer.e  •  ••  -  •  '  372 
acenaphthylene  •  ••.r  •  ■  '  374 
acenaphthene  390 
dinethylphthalate  .  397 
fluorene  434 
dieth3'’lphthalate  ■’*’  •  447 
K-nitroscdiphenylanine  447 

2. 6- dinitrotoluene  454 
a-BHC  •  ,476 
4-broTr.ophenyl  phenyl  ether  .478 
•T-BHC  "*  '^487 
hexachlorobenrene  490 
8-BKC  506 
phenanthrene  518 
anthracene  518 
di-n-butylphthalate  _  _  -  583 
aldri'n  592 
fluoranthene  •  617 
pyrene  634 
DDE  659 
DDD  -664 
endrin  *  683 
dieldrin  *  .688 
DDT  713 
butyl  bcn2yl  phthalate  713 
benzo (a) anthracene  -  748 
chrysene  '  743 


^J?able  V.  Ccr-tir.uod 


Compo-.::.ncl 


Snectrurr.  b'uir. 


bis  (2-et:hylh£:-:yi)  phthalate 
benzo (a) pyrene 
bsnzo (b) fluoranthene 
benzo (k) fluoranthene 


80^1 

906 

970 

970 


33  TP.eter  glass  OV--17  SCOT  colxmn/ 

Program:  60°  r  260°  §  6  /minute 

Number  of  2.5  second  scans  up  to  point  of  elution. 


2 


Mctnls 

1  Sr^n-nle  Prc-rarstio- 

^  •  .  - 

liith  the  exception  of  mercury,  the  mstcls  to  be  deter.-i’ineu  may 

be  divided  into  two  groups  as 

a)  those  netals  v.’hich  are  to  be  first  analyzed  by  flame 

atomic  absorption  C^A) ,  and,  if  not  detected,  then  analyzed 

by  flamsless  AA  -  Be,  Cd,  Cr,  Cu,  Ni,  Pb  and  2n, 

b}  these  metals  v.-hich  are  to  be  analyzed  by  flaraslcss  AA 

only  -  Agy  As,  Sb,  Se,  and  Tl. 

^  • 

For  fla-e  A-\ 'analysis  the  sample  should  be  prepared  using  the 
procedure  es  given  in  "Metliods  for  Chemical  Analyses  of  Water  and 
V/astes  (1S74)"  4.1.4  page  S3.  (See  Appendix  IlQ  . 

•With  the  exception  of  antimony  and  ber>' Ilium.,  samples  to  be  analyzed 

by  flaneless  AA  should  be  prepared  as  an  industrial  effluent  as  described, 

(See  Appendix  V) 

in  ’'Atonic  Absorption  Newsletter,”  14,  page  111  (1975)./  Note:  Nickel 
nitrate  should  be  added  only  to  those  aliquots  on'v:hich  'the  analysis 
of  selenium,  and  arsenic  are  to  be  accomplished.  The  sample  preparation 
procedure  for  antimony  and  Beryllitn  analysis  by  flameless  AA  is  the 
same  procedure  used  for  flame  AA. 

Tl\e  sample  preparation  procedure  to  be  used  for  mercury 
analysis  is  that  given  in  "Methods  for  Cr.emical  Analysis  of  h'atcr 
and  Wastes  (1974)"  S.l  page  124.  (See  Append!;;  IV). 


I 


-  9  ' 


ApT^arr-tus 

•  '  All  samples  are  to  be  analyzed  using  an  atoaiic  absorption 
spectrophotcsicter  equipped  v/ith  sir.ultaneous  background  capability. 

For  arsenic,  cadniun,  antitiony,  seleniun,  thallium  and  zinc,  either 
electrodelsss  discharge  lamps  or  liigh  intensity  hollow  cathode  lamps 
may  be  utilized.  A  heated  graphite  atomizer  is  to  be  used  for  all 
fiameless  .AA  work.  A  strip  chart  recorder  must  be  used  as  part  of  the 
readout  system  to  detect  and  avoid  the  inclusion  of  extraneous  data. 
Procedure  '  ' 

a)  Flame  AA  -  Tlie  procedures  to  be  used  are  those  described  in 

(see  Appendix  IV) 

•'Methods  for  Chemical  .Analysis  of  IVater  and  h’astcs  ClS~‘*0"/2.s  referenced 

•  ♦ 

in  Table  I  below. •'  Instructions  as  to  when  fiameless  AA  is  to  be 
used  are  also  included.  For  those  .instrumental  parameters  v;hich 
are  not  defined  in  the  recommended  procedures,  the  instrume.nt 
manufacturers  reccm;r.endations  are  to  be  £ollov;ed.  Background 
correction  is  to  be  used  on  all  analyses. 


-  o 


'  Tabic  I 


[cment 

Methods  for 
of  V.'ntcr  and 

Chemi  cal  .A,n n  I  ys  is 

5 1  e  5  ,  1974  Comm  c  n  t  s 

Be 

p.  99 

Analyse  by  flamelcss  A-\  if 

cone.  <20  ijg/ 

Cd 

p.  101 

Analyse  by  flameless  iV\  if 

cone. -<20  pg/ 

Cr 

p.  105 

■  Use  nitrous  oxide-acetylene  flame  for  al 
analyses- analyze  by  flameless  AA  if  cone.  <20 

Cu 

p.  103 

Analyse  by  flameless  AA  if 

cone.  <50  pg/ 

Ni 

p.  141 

Analyse  by  flameless  i\.\  if 

cone.  <100  Pg 

Pb. 

p.  112 

Analyse  by  flameless  A.A  if 

cone.  <300  pg 

Zn 

p-  155 

Analyse  by  flameless  M  if 

cone.  <20  pg/ 

*In  those  instances  v;here  more  vigorous  digestion  for  sample 
preparation  is  desired  (or  necessary)  the  procedure  on  page  S2  ' 
(4.1.3)  should  be  followed; 

b)  Standard  solutions  to  be  used  for  the  flamelcss  work  should  also 

be  prepared  as‘  described  in  ’’Methods  for  Chemical  Analysis  b£  Water 
i  (See  Appendix  lY) . 

and  Wastes  (1-974)”./  The. working  standards  -should  be  diluted  to 

•» 

€Chta-ih  the  same  acid  ccnccntratibh  as  the  prepared  samples.  The 
ihstrumehtal  settings  and  conditions  recommended  by  the  manuf.icturcr:- 
are  to  be  considered  the  procedural  guidelines.  In  addition,  the 
following  requirements  should  also  be  incorporated  into  t’le  procedure 

1)  Argon  should  be  used  as  the  purge  gas  in  all  analyses. 

2)  Background  correction  and  method  of  standard  addition 
mast  be  used  on  all  analyses. 

5)  A  blank  maximum  tem.perature  atomic.ation ,  without  gns 

interrupt,  should  be  ac-tomplisi-ed  before  each  analytical 
determination. 


f 


- 


The  graphite  tube  or  cuvette  should  be  replaced 
suggested  by  the  instrument  rinnufacturor  or  v;her. 
contamination  or.  lack  of  precision  indicates  that 


replacement  is  necessar>'. 

5)  Ail  disposable  pipet  tips  should  be  cleaned  before  use 
by  soaking  overnight  in  Sv  redistilled  nitric  acid, 
rinsed  with  tap  and  deionised  water,  and  dried. 

6)  Tlie'  accuracy  of  the  temperature  indicator  on  the  heated 
■  graphite  atomizer  should  be  verified  before  beginning 

any  analytical  work.  This  should  be  done  by  plotting 
charring  temperature  versus  atomization  signal  and 
determining  tlie  maxinum  allov;able  charring  temperature 
for  a  standard  solution' of  a  compomid  where  the  volatili¬ 
zation  tsiTiperatura  is-  knov.'n.  The  compound  used  should 

i*  «.  •  . 

have  a' volatilization  temperature  between  800  and  1200^0. 

7)  To  insure  that  there  is  no  loss  from  the  acid  matrix  prior 

to  atomization,  the  optinnmi  charring  temperature  for  each 
metal  should  be  established  in  the  same  manner  by 

plotting  cliarring  temperature  \’ersu5  atomization  signal 
of. standard  solution  of  each  metal). 

*?0T  the  determination  of  seleniu-m  the  procedure  given  for 


industrial  effluents  Absorption  Newsletter,"  Vol.  14-, 

(see  Appcndi.x  V) 

page  109  [1975])/  should  be  followed.  Arsenic  should  be  determined 
in  the  same  manner  (using  the  nickel  nitrate  matrix)  ’.;ith  an  optimum 
charring  temnerature  of  approximately  150G°C. 


6. 


The  analysis  of  zinc  by  flar-clcss  /v\  is  difficult  because  of 
environzicntzl  c0n.tzr.in2t ion.  The  nr.aiyst  r.ust  take  precaution  to 
.provide  a  clean  vork  area  to  minimize  this  probler;. 
c)  Mercun-  analyses  -  Tlie  cold  vapor  technique  as  described  in 
"I'lethods  for  Chetiical  Analysis  of  V/ater  and  V.'astes,  1974"  page  11 J 
(Appendix  IV)  is  to  be  followed. 

Qual i ty  Assurance 


a)  To  verify  •  -  -  - 

that  the  instrument  is  operating  correctly  within  the  expected 
performance  limits,  an  appropriate  standard  should  be 

included  between  every  ten  samples  i  . 

b}  Spiked  aliquots  shall  be  analyzed  v:ith  a  frequency  of  i5"i  of 
the  sample  load  for  each  netal  determined  by  flame  /vA.  If  the  recove 
is  not  within  ±10"i  of  the  expected  '.'slue  the  sample  should  be  analyze 
by  method  cf  standard  addition.  (The  spi3;e’ should  be  added  to  the 
aliquot  prior  to  sample  preparation.)  The  amount  added  should  increa 
the  absorbance  by  not  less  than  0.01  units  where  the  absoi*bance  in 
the  unspiked  aliquot  was  less  than  0.1,  and  not  more  than  0.1  when 
the  absorbance  in  the  unspiked  aliquot  was  0.1  or  greater.  '  ' 
c)  For  mercur}’,  the  spike  added  should  be  an  amount  equal  to 
five  times  the  detection  level . 
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Cvariidos 


3.  Ssrnple  Prc-pnrntior! 


All  sair.plcs  are  to  be  distilled  prior  to  dotcrsiination  for 
total  cyanides.  The  distillation  procedure  given  on  page  43  of 
’'Methods  for  Chcaical  Analysis  of  V.’ater  and  V.'astes,  1974"  (see 
Appendix  IV)  is  to  be  followed. 

4.  Sarrole  Procedure 

The  procedure  for  total  c>’’anide.s  as  given  on  pages  43-4S  of 
’’Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1974"  (see 
Appendix  IV)  is  to  be  followed. 

5 .  Quality  Assurance  ■ .  .  '  • 

a)  Initially,  determine  100%  distillation  efficiency  on  each 
distillation-digestion  apparatus  by  comparing  distilled  standards 
to  non  distilled  standards-  Each  day,  distill  at  least  one  standari 

•  to  confirn  distillation  efficiency  and  purity  of  reagents. 

b)  At  least  13%  of  the  cyanide  analysis  'will  consist  of  duplicate 

•  and  spiked  samples.  Quality  control  Units  are  to  be  established 
and  confirned  as  described  in  Chapter  6  of  . the  "Analytical  Quality 
Control  Handbook"  (see  Appendix  VI) . 

6.  Reporting  of  Data 

Report  cyanide  concentrations  as  fellows:  less  than  1.0  ng/l, 
nearest  0.01  r.g;  1.0  ng/1  and  above,  two  significant  figures. 
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Distill  all  samples  prior  to  determinatian  of  phenols.  Use 
the  procedure  in  "Standard  Methods  for  the  Examination  of  Water  and 
Wastewater,"  14th  edition,  1975,  p.  576  (Appendix  X).  ‘  ' 

2.  Procedure 


.  Use  method  510  for  phenols  in  appendix  X,  pages  577-580 
and  580-531.  Use  method  5103  for  samples  that  contain  less  than 
1  mg/1  of. phenol.  Use  method  510C  far  samples  that  contain  more 
than  1  mg/1  of  phenol. 


3.  Quality  Assurance 

Determine  that  distillation  efficiency  is  100%  on  each  distillat 
apparatus  by  cotparing  distilled  standards  to  non-distilled  standards 
Each  day  distill,  at  least,  one  standard  to  confirm  the  distillation 
efficiency  and  purity  of  reagents. 

Run  duplicate  and  dosed  sample  analyses  on  at  least  15%  of  the 
samples  analyzed  for  phenol.  Establish  and  confirm  quality  control 
limits  as  described  in  A.ppendix  VI. 

4 .  Reporting  of  Data 

Report  phenol  concentrations  as  follcx^s:  ' 

Method  5103  to  the  nearest  pg/1. 

Method  510C  -  when  less  than  1.0  ug/1  to  the  nearest  0.01  mg; 

1.0  mg/1  and  above  to  two  significant  figures. 

Report  all  quality  control  data  when  reporting  results  of 
sample  analysis. 


List  of  Arpendices  (R':if  crcncciS  ) 


VIII. 


Dsterminir.g  Volatile  Organics  at  l-iicrograni-per-Liter  Levels  by 
Gas  Chroiratography .  ".A.  Eellar  and  J.J.  Lichtsnbergr  Jour.. 

ATvi-7A,  p.  739-744,  Dec.  1974. 

Federal  Register,  Volume  38,  niinber  125,  part  II,  Appendix  II, 
p.  17319,  Friday,  June-  29,  1975,  "Determination  of  Organochlori 
Pesticides  in  Industrial  Effluents." 

Reference  Compound  to  Calibrate  Ion  Abundance  Measurements  in 
Gas  Chromatography — Mass  Spectrometry  Systems .  J.V7.  Eichelberc 

L.E.  Harris  and  K.L.  Budde,  Anal.  Cham.  £7,  995-1000  (1975). 
Methods  for  Chemical  Analysis  of  VJater  and  Wastes  .(1974)  . 

U.S.  Environmental  Protection  /igency.  Technology  Transfer. 
Determining  Selenium  in  Water,  Wastewater ,* Sediment  and  Sludge 
by  Flameless  Atomic  Absorption  Spectroscopy.  T.D.  Martin  and 
J.F.  Kopp,  Atomic  Absorption  Ifevs letter  14,  109-116  (1975). 
Handbook  for  .Analytical  Quality  Control  in  VJater  and  Wastewate 
LcUDcratories  (1972)  .  U.S.  Environmental  Protection  Agency, 
Technology’-  Transfer.  ....... 

ASTM  Annual  Standards  -  Water,  part  31:  (a)  Method  D2908  • 
"Standard  Recommended  Practice  for  Measuring  Water  by  A.queous- 
Injection  Gas  Chromatography",  (b)  Method  D3371  "Tentative 
■  Method  of  Test  for  Nitriles  in  Aqueous  Solution  by  Gas  Liquid 
Chranatograph" ,  and  (c)  Harris,  L.E. ,  Budde,  W.L.,  and 
Eichslberger ,  J.W.,  Anal.  Chem. ,  £6,1912  (1974),  "Direct 
Analysis  of  VJater  Samples  for  Organic  Pollutants  with  Gas 
Chromatography-Mass  Spectrometry,  ” 

General  Information 

Possible  Sources  for  Some  Priority  Pollutant  Standards. 
"Standard  Methods  for  the  E>:amination  of  VJater  and  Wastewater, 
14  edition,  1975. 
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i=iP?ZNDIX  VIII 
eneral  •Inforir.at 


ion 


Bmulsions 

Limited  \ork  V7ith  several  categories  of .  industrial  effluents 
covered  by  this  study  (tanneries,  petroleum,  soap  and  detergent, 
steam  electric,  pesticide)  show  that  emulsions  of  vridely  differing 
frustration  factors  are  often  encountered  in  the  e>:traction  procedure. 
Samples  that  emulsify  at  basic  pH  usually  also  emulsify  at  acid  pH. 
There  are  two  equally  acceptable  alternatives  available  for  the 
purposes  of  this  protocol:  break  the  emulsion  or  start  over  V7ith 
fresh  sample-  ana  use  a  continuous  extractor,  to  prevent  the  formatio: 
of  emulsions.  ..  ■  •  ... 


By  the  85%  solvent  recovery  criteria,  no  V7ay  V7as  found  to  break 
the  emulsion  formed  on  extraction  of  untreated  tannery  wastes.  A 
soap  and  detergent  sample  V7as  also  very  difficult..  The  use  of  a 
continuous  heavier-than-v7ater  liquid  extractor  allo'wsd  the  extractio 
to  take. place  V7ith  no  difficulties  and  very  little  labor.'  •  However-/" 
tv70  days  time  is  required.  Comparison  of  samples  from  four  Indus  tri¬ 
petroleum,  tannery,  pesticide,  and  soap  and  detergent — by  both  shake 
and  continuous  extraction  using  wastes  spiked  \vith  priority  pollutan 
indicate  that  the  t'wo  techniques  are  comparable.  For  some  indiviua] 
cases  one  technique  is  better  than  the  other  but  no  clear  pattern 
emerges.  Therefore,  if  desired,  a  continuous  extraction  technique 
may  be  used  in  place  of  separatory  funnel  extraction  for  all  samples 

as  well  as  those  for  which  it  is  absolutely  necessary  because  of 

\ 

intractable  emulsions. 

There  is  a  justifiable  concern  that  the  extraction  efficiency 
for  these  compounds  may  differ  V7idely  depending  on  the  nature  of 
the  effluents.  This  is  true  but  no  better  approach  is  apparent. 

For  example,  recoveries  of  most  of  the  base-neutrals  were  judged 
to  be  about  75%  frcm  the  tannery  and  petroleum  samples  but  less  than 
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Source  of 
Standard  ^ 


a  c  en  aph  then  s 
acrolein 
acrylonitrile 
aldrin 
dieldrin 
benzene  , 

benzidine^ 

carbon  -  tetrachloride  (tetrachloronefchane) 
chlordans  (technical  mixture  &  metabolites) 

Chlorinated  benzenes  .(other  than  di chlorobenzenes) 

AL  D.  165 
AL  p.  710 
AL  p.  416 


1.2- dichloroe  thane 
1,1, l~trichloroethane 
hexachloroe thane 
1 , 1-dichloroethane 
1 , 1.,  2- trichloroe  thane 

1 . 1 . 2 . 2- tetrachloroethane 
chloroethane 

Chloroalkyl  ethers  (chloromethyl ,  chloroethyl  and 
mixed  ethers) 

bis  (chloronethyl)  ether^ 
bis  (2-chloroethyl)  eth.er 
2-chloroethyl  vinyl  ether 

Chlorinated  napli thalene 

2-chloronaphthalcne 


AL  p.  173 
AL  p.  174 


AL  p.  261 
B  p.  SOD 
AL  p.-  416 
PB  p.  142 
PB  D.  380 
'PB  p>  372 
EA  p.  53 


'  chlorobenzene 
1,2 ,4 ~tri chlorobenzene ' 
hexachlorobenzene 

Chlorinated  ethanes  (including  1,2- 
di chloroethane ,  1,1, l-trichloroethane 
and  hexachloroe thane) 


Al^  p.  118 
AL  p.  18 
71,  p.  19 
HEEL  #80 
HEEL  #2380 
Bp.  154 
ICi?  p.  27 
B  D.  88 
KEEL  #1200 


ICM  p.  50 


Appandi:-;  r: 


Possible  Soui'ccs  for  Sor.ie  Priority  Pollutant  Standards 

(Continued) 


Compound 


Soiixce  of 
Standard^ 


Chlorinated  phenols  (other  than  those  listed 
elsev/iiere;  includes  trichlorcphenols  and 
■  chlorinated  cresols) 

2,4, 6-trichlorophenol 
p-chloro-m-cresol 
chlorofom  (trichloromethane) 

.2-chlorophenoi 

DDT  and  ir-etabolites 

4,4;’  -DDT. 

4,4* -DDS 

4,4 ’-DDD  (p,p’-TDZ) 

Dichlorobentenes  (1,2-; 1,3-;  and  1,4- 
dichlorcbencen-35 ) 

•l,2-dichlorcben2ene 

l,3-dichlproben2ene  '  •• 

l,4-dichloroben2ene  ' 


AL  p.  712 
TCI  p.  102 
B  p.  92 
7iL  p.  187 


HEEL  f  l920 
HERD  #1860 
HERD  #1780 


JTiL  p.  258 
AL  p.  25 B 
AL  p.  258 


Di chloroben 2 idine 

3,3*-dichloroben2idine^  CPL  p.  81 

Dichloroethylenes  (1,1-dichloroethylene  and 

1,2-dichloroethylene)  .  ,  . 


1.1- dichloroethylene 

1 .2- trans-dichloroethylene  \ 

2 , 4 -di chlorophenol 

\ 

Dichloropropane  and  dichloropropene 

1 .2- dichloropropane 

1 . 3- dichloropropylene  (1 , 3-dichloropropene) 

2 .4- dinethylphenol 


Din itro toluene 

2 , 4 -dinitro toluene 
2 , 6-dinitrotoluene 
1 , 2-diphcnyihydra2ine 


AL  p.  746 
AL  D.  262 
AL  p.  265 


AL  p.  267 
AL  p.  267 
JiL  p.  323 


RB  p.  180 
PB  p.  ISO 
id.  p.  338 


f 


ethylbensGns 

fluoranthene 

Kaloethers  (other  than  those  listed  elsev:here) 

■4-chloropher-yl  phenyl  ether  (p-chloro- 
diphenyl  ether) 

4-i)ror:.ophenyl  phenyl  ether 
bis (2-chloroisopropyl)  ether 
bis  (2-chloroetho::y)  methane 

Halomethanes  (other  than  those  listed  elsevrhere) 

methylene  chloride  (dichlorcmethane) 
methyl  chloride  (chlorome thane) 

-methyl  borrrd.de  (bromome thane) 
bromoform  (tribromomethane) 
dichlcrobromome thane 

trichlorofluoromethane  .  ' 

di  ch  1  o  r  o  di  f  1  uo  r  ome  th  an  e 
chlorodibromome  thane 

Keptachlor  and  metabolites 

heptachlor 
heptachlor  epoy.ide 
hexachlorobutadicne 


B  -p.  16.1 
M  p.  118 


KTR  p.  6* 
■ICii  p.  37 
PB 

PB  p.  62 


PB  p.  276 
PB  p.  277 
PB  p.  276 
P3  p.  73 
CO  p.  16 
;  PB  p.  358 
PB  p.  142 
CO  p.  27 


HEPL  #3360 
HERL  #3880 
KL  p.  416 


HERL  #520 
HEEL  #640 
HERL  #680 
HERL  #660 


(all  isomers) 


Appancli:-:  I :: 

Possible  Sources  for  Sosis  -Priority  Pollutant  Standards 

(Continued)  . 


CoTtoound 


Source  of 
Standard' 


hexachlorocyclopentadiene 
isophorone-  • 

naphthalene 
nitrobenzene 

Kitrophenols  (including  2 ,4-dinitrophenol  end 
dinitrocresol ) 

2-nitrophenol 
4-nitrophenol  . 

2 ^ 4-dinitrcphenol 
4 ,6-dinitro-o-cre3ol 

ITitros  amines 

N-nitrosodimethylamine^ 

N~nitrcsodi~n-propylemine 

•N-nitrosodiphenylemine 
pentachlorophenol 

phenol"  '  ...  ■  ■ 

Phthalate  esters 

•  bis  (2-ethylhexyl)  phthalate 
butyl  benzyl  phthalate 
di-n-butyl  phthalate 
diethyl  phthalate 
dimethyl  phthalate 

Polychlorinated  biphenyls  (PCB’s) 

\ 

PCB-1242  (Arochlor  1242) 

PCB-1254  (Arochlor  1254)  ^ 

Polynuclear  aromatic  hydrocarbons  (including 
benzanthracenes ,  beiizcpyrcnes,  benzo¬ 
fluoranthene,  chrysenes,  dibenzanthracenes , 
and  indenopvrenes)' 


AL  p.  41G 
AL  p.  464 
AN  p.  118 
liL  p.  557 


AL  p.  564 
AL  p.  564 
AL  p.  332 
TCI  p.  188 


KI  p.  173 
PB  p.  310 
EA  p.  159 
AL  p..  587 
AL  p.  595 


CS  p.  8 
CS  p.  8 
CS  p.  8 
CS  p.  8 
■CS  p.  ’  8 


HEEL  #5703 
HERL  #5705 


I ,  2 -benzanthracene 

benzo [a] pyrene  ( 3 , 4 -benzopyrene) 
3 , 4-benzofluoranthene 

II ,  12 -benzo fluoranthene 


AN  p.  118 
AN  p.  118 
NT  " 

III 


cnrvsene 


o.  110 


■  Appcnciix  Iv 

■Possible  Sources  for  Some  Priority  Pollutciut  Standercls 

(Contip.uecl) 


Source  of 

Comoound  -  ■ •  Standard^ 


acenaphthylene 

AN 

P-  1 

anthracene 

AN 

p.  118 

1 , 12-behzoperYlene 

An 

p.  118 

fiuorene 

AI7 

p.  118 

phenanthrens 

AIJ 

p.  118 

1,2:5 ,6-diben2anthracene 

A17 

p.  118 

indeno  (1 ,2 ,3-C,D) pyrene 

AN 

p.  118 

pyrene 

AN 

p.  118 

2,3,7  ,-8-tdtrachlorodiben20-p-dioxin-  (TCDD) 

NI 

•P..  174  . 

te trachloroe thy lene 

AL 

p.  680 

toluene 

AL 

p-  701 

toxaphene 

HERL 

#6740 

trichloroethylene 

AL 

p.  711 

vinyl  chloride  (chloroe thy lene) 

PB 

p .  406 

1-bromodecane  (possible  internal  standard) 

l-bromododecane  (possible  internal  standard) 

■  . 

Footnotes : 


^  These  compounds  or  any  mixture  containing  1*3  or  irore  by  V7eight 
of .these  compounds  are  defined  as  carcinogens  in  the  Federal 
Register,  Vol.  38,  No.  144,  pp.  20074-20076,  27  July  1973. 
.Prescribed  safety  regulations  for  handling  are  in  the  Federal 
Register,  Vol.  39,  No.  20,  pp.  3756-3797,  29  January  1974. 

i 

^  Only  one  source  is  listed  even  though  several  may  be  available 
These  sources  are  not  to  be  interpreted  as  being  endorsed  by 
the  EPA;  they  serve  to  shov;  at  least  one  ven  lor  vj'nere  each 
standard  can  be  obtained.  V7han  several  sources  were  available 
cind  compound  purity  was  listed,  the  source  having  the  highest 
purity  material  was  selected. 

^  These  cempoTonds  have  been  ordered  but  have  not  been  received 
at  Athens  ERL  as  yet. 

**  No  source  has  been  found  as  yet. 


^1)1^ ' 


E 


CS 

CPL 


EA 


ICN 


NI 

PB 


iBFB. 


Analabs,  Inc.,  IJorth  Haven,  Conn.;  Catalog  13  (June  1976) 

J.  T.  Baker  Cheiru-cal  Co.,  Phillipsburgh,  H.J.; 

Catalog  750  (July  1975). 

Chera-Ssrvice ,  VTest  Chester,  Pa.;  'Bulletin  CS-IOO-B  ('1975) 

Chemical  Procurement  Laboratories,  College  Point,  H.Y.; 
1975  catalog. 


Eastman  Kodak  Co. ,  Rochester,  K.Y. ; 

KaK  Rare  £  Fine  Chemicals,  Plainviev; 
(1975) . 

Kanogens  International,  p.O.  Box  487 
"Kcinogen  Index”  (1975)  . 


Catalog  48  (197G)  . 

,  K.Y. ;  Catalog  Ko.  1 

,  Freedom,  CA  95C19 


Pfaltz  &  Bauer  Chemical  Co.,  STcOuford,  Conn.;  Catalog 
1976. 

••RFR  Coro.,  Hope,.  R.  I.;  ’’Chemical. 'Standards  for  Jvir -Water-. 
Industry-Foods”  (1975). 


EEKL  ’’Analytical  Reference  Standards  and  Supplemental  Data  for 

Pesticides  and  Other  Selected  Organic  Compounds",  EPA- 
660/9-76—012  (May  1976),  Health  Effects  Research  Laborato 
Environmental  Toxicology  Division,  Research  Triangle  Park 
KC.  A  sample  order  blank  for  standards  and  the  above 
publication  are  attached. 

CO 


TCI . 


Colxrrbia  Organics  Catalog  A-7,  Columbia,  S.C.  (1975) 

Tridom  Chemical  Inc.,  Ilauttauge,  N.Y.  ,' Catalog  IJo.  1 
(1976)  . 


2>:v^ino::;-:K;:TAL  toxicology  divicic;’ 

HEALTH  ErCECTE  RESEAiYIH  LAIiOXATGRV 
UNITED  STATES  ENViF'vON.V.ENTAL  PHOTECTJON  AGENCY 
Kcscarch  Trianclc  ?ark/'liorth  Carolina  '27711 


SUBJECT: 


Index  of  Pesticides  7*n.a2ycical' Reference’ 
Standards  -  Update  of  Hailing  List 


DATE:  Jnno,  15: 


Heal 
Res  a 


FPOM-  Health  Effects  Research  Laboratory,  ETD,  AC3,  .  H  O 

Research  Triangle  Park,  EC,  U.S.A.  27711  {MD-69)  *  /  (/ 

7i.ll  Laboratory^  Facilities -on  our  l-iailing  List  -..  .  ,  ; 

t  w: 

This  copy  of  the  1976  revision  of  our  pesticides  reference  standards 
index  v:as  laailed  to  the  address  appearing  on  our  nailing  list.  As  tliis 
list  is  several  years  oldy  ve  are  sure  that  a  nuirber  of  addresses  have 
changed  and  that  sonc  are  probably  no  longer  existent. 

If  you  vish  to  renain  on  our  nailing  list  to  receive  future  updates 
of  this  publication,  v;ould  you  be  good  enough  to  ccnplcte  the  nail— back 
below,  snip  it  off,  and  return  it  to  us.  .Do  not  tear  off  the  back  cover 
■  i  to  return  to  the  address  shown.-  •  If  you  have  no  use  for  this  publ  i cation 
but  3:now  of  sene  other  individual'  vrithin  your  organization  v;ho  is  con¬ 
cerned  with  pesticides  analysis,  would  you  convey  this  index,  along  V7ith 
-  the  nailback,  to  that  person.  J _  • _ _ 


ij  2^ 


U.  Sj  Envircnnental  Protection  Agency 
Health  Effects  Research  Laboratory 
Environnental  Toxicology  Division 
Research  Triangle  Park^  NC,  U.S.A.  27711  (I-ID-69) 


Date 


We  wish  to  be  retained  on  your  mailing  list  to  receive  future  updates 
I  I  of  the  Pesticides  Standards  Index.  T'ne  address  shown  on  the  envelope 

is  entirely  correct,  and  requires  no  changes. 

» 

□  V?e  have  no  interest  in  future  updates  of  this  publication.  Please 
cancel  us  from  your  mailing  list. 

□  We  wish  to  be  retained  on  your  nailing  list,  but  the  address  shown 
i  n  the  envelope  should  be  changed  to  re^id  (print  or  type) 


/  / 


(Quality  Ai;r.urance  r.ection 
EnvirorJ^.-ar.tal  Tc::icolo5:,.'  Division, 

SPA,  KEJ^L,  Research  Triiintjlfe  Park,  UC  2771j 
KD-69  1  DO 


The  following  reference  standardc  ere  required  for 


Conpound 
{Catalog  IJane) 


}  Catalog 
!  Code 


Compound 
(Catalog  Kama) 


If  necessary,  use  back  of  sheet  to  complete  list.  Covering  letter  unnecessary 
if  this  form  is  completed  in  full. 

Name  and  address  of  laboratory _ 


Pleguestor's  Name  (Princ  or  type) 

■MPOP-TANT: 

1.  The  amount  of  cnch  standard  is  restricted  to  100  mg  because  of  the  scare: 
and  eirpense  of  refining  analytical  grade  materials. 


2.  ? 


Tiiis  orovioe 


Do  not  recue 


[r  a  ooctc' 


ole  evi 


nt  card  enclosed  with  each  shipment, 
•verv  of  the  shi seven t. 


she  c-ataloc.  ilo  cithers  are  scoch.ed. 


cap  r.r.n  cx-eninc  .mtcricr  c:  rottic 
.als  tend  to  collect  i:v  sec. 


